J 



Europglsches Patentamt 
© /))]J European Patent Office 

Offic europ6en des brev ts 



npiiiiiiiiniiiii 

© Publication number: 0 356 672 B1 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 07.04.93 © Int. CI. 5 : C09K 19/42, C09K 19/02, 

G02F 1/13 

@ Application number: 89112758.1 
© Date of filing: 12.07.89 



© Ferroelectric chiral smectlc liquid crystal composition and liquid crystal device using same. 



® Priority: 13.07.88 JP 175783/88 


Inventor: Yamashita, Masataka 


03.02.89 JP 25049/89 


1-20-24-102 Nakahara 


09.06.89 JP 147981/89 


Hiratsuka-shi Kanagawa-ken(JP) 




Inventor: Taldguchi, Takao 


@ Date of publication of application: 


1-10-2 Kyuden 


07.03.90 Bulletin 90/10 


Setagaya-ku Tokyo(JP) 




Inventor: Asaoka, Masanobu 


© Publication of the grant of the patent: 


4-1-4 Sasage Kohnan-ku 


07.04.93 Bulletin 93/14 


Yokohama-shi Kanagawa-ken(JP) 




Inventor: Shinjo, Kenji 


© Designated Contracting States: 


Canon-ryo, 2-10-1 Asahicho 


AT BE CH DE ES FR GB GR IT LI LU NL SE 


Atsugl-shi Kanagawa-ken(JP) 




Inventor: Kltayama, Hiroyuki 


© References cited: 


1-8-19-201 Kamltsuruma 


EP-A- 0178 647 


Sagamlhara-shl Kanagawa-ken(JP) 


EP-A- 0 199 004 


. - Inventor: Nakamura, Shinichi 




Canon-ryo, 2-10-1 Asahicho 


© Proprietor: CANON KABUSHIKI KAISHA 


Atsugi-shi Kanagawa-ken(JP) 


30-2, 3-chome, Shlmomaruko, Ohta-ku 




Tokyo(JP) 


© Representative: BUhling, Gerhard, Dipl.-Chem. 




@ Inventor: Terada, Masahiro 


etal 


381-1-9-1 Hase 


PatentanwaltsbUroTiedtke-BUhllng-Klnne 


Atsugl-shi Kanagawa-ken(JP) 


Grupe-Pellmann-Grams-Strulf-Wlnter-Roth 


Inventor: Togano, Takeshi 


Bavariaring 4 


1-28-12 Gontazaka 


W-8000 MUnchen 2 (DE) 


Hodogaya-ku Yokohama-shl 




Kanagawa-ken(JP) 





CM 
CP 
CP 

in 

CO 



Q. 

LU 



Note: Within nine months from the publication of th mention of the grant of the European patent, any person 
may give notice to th European Patent Offic of opposition to the European patent grant d. Notice of opposition 
shall b filed in a writt n reasoned statement. It shall not be deemed to hav been filed until the opposition fee 
has been paid (Art. 99(1) Europ an patent convention). 



Rank Xerox (UK) Business Services 
I3.10/3.5x/3.0.1l 



EP 0 356 672 B1 



Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a liquid crystal composition used in a liquid crystal display device, a 
liquid crystal-optical shutter, etc., more particularly to a novel liquid crystal composition with improved 
responsiveness to an electric field and a liquid crystal device using the liquid crystal composition. 

Hitherto, liquid crystal devices have been used as an electro-optical device in various fields. Most liquid 
crystal devices which have been put into practice use TN (twisted nematic) type liquid crystals, as shown in 

w "Voltage-Dependent Optical Activity of a Twisted Nematic Liquid Crystal" by M. Schadt and W. Helfrich 
"Applied Physics Letters" Vol. 18, No. 4 (Feb. 15, 1971) pp. 127-128. 

These devices are based on the dielectric alignment effect of a liquid crystal and utilize an effect that 
the average molecular axis direction is directed to a specific direction in response to an applied electric 
field because of the dielectric anisotropy of liquid crystal molecules. It is said that the limit of response 

75 speed is on the order of milli-seconds, which is too slow for many uses. On the other hand, a simple matrix 
system of driving is most promising for application to a large-area flat display in view of cost, productivity, 
etc., in combination. In the simple matrix system, an electrode arrangement wherein scanning electrodes 
and signal electrodes are arranged in a matrix, and for driving, a multiplex driving scheme is adopted 
wherein an address signal is sequentially, periodically and selectively applied to the scanning electrodes 

20 and prescribed data signals are selectively applied in parallel to the signal electrodes in synchronism with 
the address signal. 

When the above-mentioned TN-type liquid crystal is used in a device of such a driving system, a 
certain electric field is applied to regions where a scanning electrode is selected and signal electrodes are 
not selected or regions where a scanning electrode is not selected and a signal electrode is selected (which 

25 regions are so called "half-selected points"). If the difference between a voltage applied to the selected 
points and a voltage applied to the half-selected points is sufficiently large, and a voltage threshold level 
required for allowing liquid crystal molecules to be aligned or oriented perpendicular to an electric field is 
set to a value therebetween, display devices normally operate. However, in fact, as the number (N) of 
scanning lines increases, a time (duty ratio) during which an effective electric field is applied to one 

30 selected point when a whole image area (corresponding to one frame) is scanned decreases with a ratio of 
1/N. Accordingly, the larger the number of scanning lines are, the smaller is the voltage difference of an 
effective value applied to a selected point and non-selected points when scanning is repeatedly effected. As 
a result, this leads to unavoidable drawbacks of lowering of image contrast or occurrence of interference or 
crosstalk. These phenomena are regarded as essentially unavoidable problems appearing when a liquid 

35 crystal having no bistability (i.e. liquid crystal molecules are horizontally oriented with respect to the 
electrode surface as stable state and is vertically oriented with respect to the electrode surface only when 
an electric field is effectively applied) is driven (i.e. repeatedly scanned) by making use of a time storage 
effect. To overcome these drawbacks, the voltage averaging method, the two-frequency driving method, the 
multiple matrix method, etc. has been already proposed. However, any method is not sufficient to overcome 

40 the above-mentioned drawbacks. As a result, it is the present state that the development of large image 
area or high packaging density in respect to display elements is~ delayed because it is difficult to sufficiently 
increase the number of scanning lines. 

To overcome drawbacks with such prior art liquid crystal devices, the use of liquid crystal devices 
having bistability has been proposed by Clark and Lagerwall (e.g. Japanese Laid-Open Patent Appln. No. 

45 56-107216, U.S.P. No. 4367924, etc.). In this instance, as the liquid crystals having bistability, ferroelectric 
liquid crystals having chiral smectic C-phase (SmCT) or H-phase (SmH") are generally used. These liquid 
crystals have bistable states of first and second stable states with respect to an electric field applied 
thereto. Accordingly, as different from optical modulation devices in which the above-mentioned TN-type 
liquid crystals are used, the bistable liquid crystal molecules are oriented to first and second optically stable 

so states with respect to one and the other electric field vectors, respectively. Further, this type of liquid crystal 
has a property (bistability) of assuming either one of the two stable states in response to an applied electric 
and retaining the resultant state in the absence of an electric field. 

In addition to th abov -describ d characteristic of showing bistability, such a ferroelectric liquid crystal 
(hereinafter sometim s abbreviated as "FLC") has an excellent prop rty, i. ., a high-speed responsiven ss. 

55 This is becaus the spontan ous polarization of the ferroelectric liquid crystal and an appli d I ctric field 
dir ctly interact with each oth r to induce transition of orientation states. Th resultant r spons speed is 
faster than the response speed due to th interaction between di lectric anisotropy and an electric field by 
3 to 4 digits. 
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Thus, a ferroelectric liquid crystal potentially has very excellent charact ristics, and by making use of 
these properties, it is possible to provide ess ntial improvem nts to many of the above-mentioned problems 
with the conventional TN-typ devices. Particularly, the application to a high-speed optical shutter and a 
display of a high density and a larg picture is expected. 

s A simple matrix display apparatus including a device comprising such a ferroelectric liquid crystal layer 
between a pair of substrates may be driven according to a driving method as disclosed in, e.g., Japanese 
Laid-Open Patent Applications Nos. 193426/1984, 193427/1984, 156046/1985 and 156047/1985. 

Figures 4A and 4B are waveform diagrams showing driving voltage waveforms adopted in driving a 
ferroelectric liquid crystal panel as an embodiment of the liquid crystal device according to the present 

10 invention. Rgure 5 is a plan view of such a ferroelectric liquid crystal panel 51 having a matrix electrode 
structure. Referring to Rgure 5, the panel 51 comprises scanning lines 52 and data lines 53 intersecting 
with the scanning lines. Each intersection comprises a ferroelectric liquid crystal disposed between a 
scanning line 52 and a data line 53 to form a pixel. 

Referring to Rgure 4A, at Ss is shown a selection scanning signal waveform applied to a selected 

75 scanning line, at S N is shown a non-selection scanning signal waveform applied to a non-selected scanning 
line, at Is is shown a selection data signal waveform (providing a black display state) applied to a selected 
data line, and at l N is shown a non-selection data signal waveform applied to a non-selected data line. 
Further, at l s - Ss and l N - Ss in the figure are shown voltage waveforms applied to pixels on a selected 
scanning line, whereby a pixel supplied with the voltage l s - Ss assumes a black display state and a pixel 

20 supplied with the voltage In - Ss assumes a white display state. Figure 4B shows a time-serial waveform 
used for providing a display state as shown in Figure 6. 

In the driving embodiment shown in Figures 4A and 4B, a minimum duration At of a single polarity 
voltage applied to a pixel on a selected scanning line corresponds to the period of a writing phase h, and 
the period of a one-line clearing phase ti is set to 2At. 

25 The parameters V s , V| and At in the driving waveforms shown in -Rgures 4A and 4B are determined 
depending on switching characteristics of a ferroelectric liquid crystal material used. 

Rgure 7 shows a V - T characteristic, i.e., a change in transmittance T when a driving voltage denoted 
by (V s + V|) is changed while a bias ratio as mentioned hereinbelow is kept constant. In this embodiment, 
the parameters are fixed at constant values of At = 50 us and a bias ratio V,/(V|+V S ) = 1/3. On the right 

30 side of Figure 7 is shown a result when the voltage (l N -S s ) shown in Rgure 4 is applied to a pixel 
concerned, and on the left side of Figure 7 is shown a result when the voltage (ls-S s ) is applied to a pixel 
concerned, respectively while increasing the voltage (V s +V|). On both sides of the ordinate, the absolute 
value of the voltage (V s + V|) is separately indicated. Herein, a voltage Vi denotes the absolute value of 
(V s +V|) required for switching from a white state to a black state by applying a voltage signal V B 2 shown in 

35 Figure 4A, a voltage V 2 denotes the absolute value of (V s + V t ) required for switching (resetting) a black 
state to a white state by applying a voltage V R at l N - Ss, and a voltage V 3 is the value of (V s + V|) beyond 
which a pixel concerned written in white is unexpectedly inverted into a black state. In this instance, a 
relationship of V 2 < Vi < V3 holds. The voltage V1 may be referred to as a threshold voltage in actual drive 
and the voltage V 3 may be referred to as a crosstalk voltage. Such a crosstalk voltage V3 is generally 

40 present in actual matrix drive of a ferroelectric liquid crystal device. In an actual drive, AV = (V3-V1) 
provides a range of jv s +V,j allowing a matrix drive and may be referred to as a (driving) voltage margin, 
which is preferably large enough. It is of course possible to increase the value of V 3 and thus AV (= V 3 - 
Vi) by increasing the bias ratio (i.e., by causing the bias ratio to approach a unity). However, a large bias 
ratio corresponds to a large amplitude of a data signal and leads to an increase in flickering and a lower 

45 contrast, thus being undesirable in respect of image quality. According to our study, a bias ratio of about 
1/3 - 1/4 was practical. On the other hand, when the bias ratio is fixed, the voltage margin AV strongly 
depends on the switching characteristics of a liquid crystal material used, and it is needless to say that a 
liquid crystal material providing a large AV is very advantageous for matrix drive. 

The upper and lower limits of application voltages and a difference therebetween (driving voltage 

50 margin AV) by which selected pixels are written in two states of "black" and "white" and non-selected 
pixels can retain the written "black" and "white" states at a constant temperature as described above, vary 
depending on and are inherent to a particular liquid crystal material used. Further, the driving margin is 
deviated according to a change in environmental temperatur , so that optimum driving voltag s should be 
s t in an actual display apparatus according to a liquid crystal material used and an environmental 

55 t mperatur . 

In a practical us , however, wh n the display area of a matrix display apparatus is nlarg d, the 
diff rences in nvironm ntal conditions (such as temperature and cell gap betw en opposit electrodes) 
naturally increase, so that it becomes impossible to obtain a good quality of image over th entire display 
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area by using a liquid crystal mat rial having a small driving voltag margin. 

On the other hand, it is known that the ferroelectric liquid crystal molecules under such non-h lical 
conditions are disposed in succession so that their directors (longer molecular axes) are gradually twisted 
between the substrates and do not show a uniaxial orientation or alignment (i.e., in a splay alignment state). 
5 A problem in this case is a low transmittance through the liquid crystal layer. 

Transmitted light intensity I through a liquid crystal is given by the following equation with respect to the 
incident light intensity l 0 under cross nicols when the uniaxial alignment of the molecules is assumed: 

I = l 0 sin 2 (4fla)*sin 2 (7rAnd/X) (1), 

10 

wherein An denotes the refractive index anisotropy of the FLC; d, the cell thickness; X, the wavelength of 
the incident light; and ea, a half of the angle between two stable states (tilt angle). 

When a conventional FLC cell is used, it has been experimentally known that $a is 5 - 8 degrees under 
a twisted alignment condition. The control of physical properties affecting the term AndwA cannot be easily 

T5 performed, so that it is desired to increase 6a to increase I. However, this has not been successfully 
accomplished by only a static alignment technique. 

With respect to such a problem, it has been proposed to utilize a torque relating to a dielectric 
anisotropy Ac of an FLC (1983 SID report from AT & T; Japanese Laid-Open Patent Applns. 245142/1986, 
246722/1986, 246723/1986. 246724/1986, 249024/1986 and 249025/1986). More specifically, a liquid crystal 

20 molecule having a negative Ac tends to become parallel to the substrates under application of an electric 
field. By utilizing this property, if an effective value of AC electric field is applied even in a period other than 
switching, the above-mentioned twisted alignment is removed, so that 6a is increased to provide an 
increased transmittance (AC stabilization effect). A torque TP S acting on FLC molecules involved in 
switching of states and a torque TAc acting on FLC molecules relating to the AC stabilization effect are 

25 respectively proportional to physical properties as shown in the following formulas: 

TP s «>Ps*E (2) 

TAc oo 1/2 Ac^eo'E 2 (3) 

30 The above formula (3) apparently shows that the sign and absolute value of Ac of the FLC play an important 
role. 

Figure 8 attached hereto shows the change of fla versus Vrms experimentally measured for 4 FLCs 
having different values of Ac. The measurement was conducted under application of AC rectangular pulses 
of 60 KHz so as to remove the influence of P s - The curves (I) - (IV) correspond to the results obtained by 
35 using FLCs showing the following Ac values 

(I) Ac <* -5.5, (II) A* * -3.0, 
(III) Ac«-0, (IV) Ac « 1.0. 

40 Qualitatively, the order of Ac' was (I) < (II) < (111) < (IV). 

As is clear from the graph in Figure 8, a larger negative value of Ac provides a large 0a at a lower 
voltage and thus contributes to provision of an increased I. 

The transmittances obtained by using the liquid crystals (I) and (III) were 15 % for (I) and 6 % for (III) 
(under application of rectangular AC waveforms of 60 kHz and ±8 V), thus showing a clear difference. 
45 As is known from the above examples, the display characteristics of an SSFLC (Surface-Stabilized FLC) 
can be remarkably changed by controlling the properties relating to Ac and P s . 

In order to provide a ferroelectric liquid crystal composition having a negatively large Ac, it is most 
effective to include a compound having a negative Ac with a large absolute value. For example, it is 
possible to obtain a compound having a negatively large Ac by introducing a halogen or cyano group in a 
so shorter axis direction of a molecule or by introducing a heterocyclic skeleton in a molecule. 

The magnitude of Ac of a compound having a negative Ac substantially varies depending on the 
structure thereof. Some examples of such compounds are shown below: 
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I 

70 0 



CN 

F F 
R0-^H^-C0-^^-0R ' 




20 



25 



30 



35 



40 



CN CN 

IS I > 10 R ^^©^ C00 ^" R, 

CN CN 



R-^^COO-^^OCO-^H^R 1 



* CN CN 

45 R-^H^CO^^-OR 1 

O 

so Herein, R and R' respectively denote an alkyl group. These may be classified roughly into three groups 
including compounds having a negatively small Ac (jAcj £ 2), compounds having a negatively medium Ac (2 
< jAcj £ 10) and compounds having a negatively large Ac (jAcj > 10). Among these, compounds having a 
jAcj of £ 2 have little effect of increasing jAcj. Compounds having a jAcj of > 10 are very effective in 
incr asing jAcj but thos available her tofore are only dicyanohydroquinone derivatives. 

55 How v r, a dicyanohydroquinon derivativ , while it has a large [Aej-incr asing effect, has a high 
viscosity, so that it is liable to degrad a switching characteristic wh n its content is increased. On th other 
hand, among the compounds having a medium jAcj (2 < jAcj £ 10), som compounds have a moderately 
low viscosity while their (Acj-increasing effect is somewhat lower than those having a large jAcj. 
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From the above consideration, it is essential to select a compound having a negative anisotropy, 
pr ferably one having a (Acj of > 2, and mixing it with an appropriat ly selected oth r compound in a 
properly selected mixing ratio. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a chiral smectic liquid crystal composition having a 
large driving voltage margin adapted for providing a practical ferroelectric liquid crystal device and a wide 
driving voltage margin affording satisfactory drive of entire pixels even when some degree of temperature 
ro fluctuation is present over a display area comprising the pixels of a liquid crystal device. 

Another object of the present invention is to provide a liquid crystal composition further containing a 
mesomorphic compound having a negative dielectric anisotropy to show an AC stabilization effect providing 
remarkably improved display characteristics. 

A further object of the present invention is to provide a liquid crystal device using such a liquid crystal 
75 composition and showing improved driving and display characteristics. 

According to the present invention, there is provided a ferroelectric chiral smectic liquid crystal 
composition, comprising 

at least one optically active compound represented by the following formula (I): 



wherein Ri and R2 respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of having a substituent, at least one of R1 and R2 being optically active; X1 denotes -0-, 



20 




<i>, 



25 



30 




or 



35 




40 



and X2 denotes a single bond, -0-, 



45 



>c-, -co- 
il II 

o 0 



or 



50 



-0C0-; 



55 



and 



at least one compound represented by 



the following formula (II): 



7 



EP 0 356 672 B1 



R 3" X 3-*<©V^>-f<§^n-X 4 -R 4 (II), 
N 

wherein R3 and FU respectively denote a linear or branched optically inactive alkyl group having 1-18 
carbon atoms capable of having an alkoxy group of 1 - 12 carbon atoms; Xa and X* respectively denote a 
single bond, -0-. 



-OC-, -CO- or -OCO-; 

II S 8 
00 0 

75 

and m and n are respectively 0, 1 or 2 with proviso that both of m and n are not 0. 

According to the present invention, there is further provided a ferroelectric liquid crystal composition as 
described above further comprising a mesomorphic compound having a negative dielectric anisotropy, 
20 which is preferably one having a Ac < -2, more preferably A« < -5 , most preferably Ac < -10 . 

The present invention further provides a liquid crystal device comprising a pair of substrates and such a 
ferroelectric liquid crystal composition as described above disposed between the electrode plates. 

These and other objects, features and advantages of the present invention will become more apparent 
upon a consideration of the following description of the preferred embodiments of the present invention 
25 taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of a liquid crystal display device using a ferroelectric liquid 
30 crystal; 

Figures 2 and 3 are schematic perspective views of a device cell embodiment for illustrating the 
operation principle of a ferroelectric liquid crystal device; 

Figure 4A shows unit driving waveforms used in an embodiment of the present invention; Figure 4B is 
time-serial waveforms comprising a succession of such unit waveforms; 
35 Figure 5 is a plan view of a ferroelectric liquid crystal panel having a matrix electrode structure; 

Figure 6 is an illustration of a display pattern obtained by an actual drive using the time-serial waveforms 
shown in Figure 4B; 

Figure 7 is a V-T characteristic chart showing a change in transmittance under application of varying 
drive voltages; and 

40 Figure 8 is a graph showing changes in tilt angle fla versus effective voltage Vrms with respect to several 
ferroelectric liquid crystals having different values of dielectric anisotropy Ae. . 

DETAILED DESCRIPTION OF THE INVENTION 

45 Preferred examples of the optically active compounds represented by the above-mentioned general 
formula (I) may include those represented by the following formulas (l-a) to (l-l). 



8 



EP 0 356 672 B1 




(I-a) 
(I-b) 

(I-c) 
(I-d) 
-. (I-e) 

(I-f) 



O 
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.N 



R i-°|-€ ) }<S)-| 0R 2 d-h) 

0 0 



R 1-C0-£) N HS)-R2 (I-i) 



h-«>-^<g)-0R 2 



(I-D 



In the above-formulas (l-a) - (l-l), Ri and R2 are the same as in the general formula (I). Preferred 
examples of R1 and Rj may include those of the following (l-i) to (l-iii). 
(I-i) R1 is an n-alkyl group, and Ra is 

CH, 
I 3 

"f"CH2 ) s CH-R g , 

wherein s is 0 - 7 and Rs is a linear or branched alkyl group. 
(Hi) Ri is 

I 3 

wherein t is 0 - 7 and FU is a linear or branched alkyl group, R2 is an n-alkyl group. 
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(l-iii) Ri is 



-eCHj+t-CH-Rg 



and R2 is 



CH-, 



wherein s and t are respectively 0 - 7, and R5 and Rs are respectively a linear or branched alkyl group. 
Further,™ preferred examples of the compounds represented by the above-mentioned general formula 
(II) may include those represented by the following formulas (ll-a) to (ll-e). 

R 3- X 3-C>}®- X 4- R 4 (II " a) 



r 3- x 3X6 n XOXO>x 4 -r 4 (II " C) 



R 3- X 3-©^X§>- X 4- R 4 < II-d ) 



N 



(II-e) 



In the formulas (ll-a) to (ll-e), R3, R*. Xa and X* are respectively the same as in the general formula (II). 
Preferred examples of X3 and X* may include the following combinations (ll-i) to (ll-viii): 
(ll-i) X3 is a single bond and X* is a single bond, 
(ll-ii) Xa is a single bond and X* is -0-, 
(ll-iii) X3 is a single bond and X* is 

-OC 
II 

o, 
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(ll-iv) Xj is a singl bond and X* Is 



-CO- 



5 



o, 



(ll-v) X3 is -O- and X* is a single bond, 
(ll-vi) X3 is -O and X* is -0-, 
to (ll-vii) X3 is -0- and X* is 




(ll-viii) X3 is -0- and X* is 



20 




Further, preferred examples of R3 and FU in the formulas (ll-a) to (ll-e) may include the following 
25 combinations (ll-ix) to (ll-xi): 

(ll-ix) R3 is an n-alkyl group and FU is an n-alkyl group. 
(Il-x) R3 is an n-aikyl group and R* is 

30 CH3 



4CH 2 4^-CH-R ?# 



35 



wherein p is 0 - 7 and R7 is a linear or branched alkyl group, 
(ll-xi) RaTs an alkyl group and R* is 



40 



CH^ 
I 

-fCH 2 ^-CH-fCH 2 ^ORg 



45 



wherein q is 0 - 7, r is 0 or 1 and Ra is a linear or branched alkyl group. 

Specific examples of the compounds represented by the above-mentioned general formula (I) may 
include those shown by the following structural formulas. 



50 
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(1-1) 

CH 3 

n-CgH 1 7 0^)>^-CH 2 Lc 2 H 5 

(1-2) 

CH 3 

(1-3) 

CH 3 

n -^4 H 29°^>C^4 HC 6 H 13 

(1-4) 

CH 3 

n-C 9 H 1 9 0-^)>^-OCH 2 CHC 2 H 5 

(1-5) 

• CH 3 

»" C 1 1 H 23°-<&><§)- OCH 2^ HC 2 H 5 
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(1-6) 

CH 3 

n_C 1 1 H 23 0_ (5>©^-* CH 2^; HC 2 H 5 

(1-7) 

CH, 

n ~ C 1 2 H 25°"<£)^S>- 0 - 4CH fh- 5 HC 2 H 5 

(1-8) 

y— N j > | 3 

^S 8 ! 7°-C>H^- CH 2? iC 2 H 5 

O 

(1-9) 

CH 3 

n - C 6 H 13 0 ^§>' 0 f^ HC 2 H 5 

O 

(1-10) 

CH 3 

»-C l0 H 21 O^g|<g)^O-CH 2 CHC 2 H s 

0 ' 

(1-11) * 

N 

n " C 1 0 H 2 1 °^)><§) H j 0 - (CH 2^T f C 2 H 5 

O 
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20 



30 



35 



40 



45 



50 



(1-12) 

CH 3 

n ~ C 1 2 H 25°^X§>- 0( j 0 - CH 2; HC 2 H 5 

0 



? H 3 



(1-13) 

CH^ 

N 



1 



(1-14) 



n - C 5 H 1 1°^)XQ^ OCH 2j HC 3 H 7 



(1-15) 

CH 



- C 8 H 17°^©-°J HC 8 H 17 



(1-16) 



n - C 8 H l7 0 ^ N ^y^ 6 - WH 2^T; HC 2 H 5 



(1-17) 

CH, 

n-C 1 2 H 25 0-<g)|<g)-0-4CH^ r CHC 2 H 5 



55 



15 



EP 0 356 672 B1 



(1-18) 

CH 3 

n - C 5 H ir°C^X§)- 0 CHC 7 H 



15 



(1-19) 

CH 3 

""Vl 3-°^}^ 0 '~ fCH 2 + 2-J HC 2 H ! 



(1-20) 




0 



(1-21) 



CH, 



»- c i 4 H 29-^^ ) N X§H <:H 2^r; HC 2 H 5 

0 



(1-22) 

CH 



c 2 h 5 chch 2 o-^)>^-oh<:h 2 47-ch3 
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(1-23) 

f 3 

C 2 H 5 C!HCH 2 -* T Q^^-O-fCH^H 

(1-24) 

CH 3 ^ 
C 6 H 1 3^ °^XQ)- (> < CH 2^5 CH 3 

(1-25) 

CH, 

N | 3 

^S 8 ! 7"^-(g)><g>-CH 2 CHC 2 H 5 

0 

(1-26) 

CH 3 

n - C 10 H 2r|°^)}^>-i CH 2'h; HC 2 H 5 
O 



(1-27) 



CH- 

• N /-^ | 3 
n-C H , n -CO-<r)V(n VOCHC^ H 



8"17 T\~>S^Jf ^ rav -6"l3 



(1-28) 



CH. 



n " C 1 0 H 2rf°^}<§>- OCH 2; HC 3 H 7 
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(1-29) 



CH, 

I 3 ^ 



C 2 H 5 CHCH 2 0-Q)-(g)-4CH f ) 1 CH3 



(1-30) 

CH 



3 N 



CjHgCHCHjO-^^-tCH^CH, 



(1-31) 

CH 

C 



^H^CHO^gHcH^CH, 



(1-32) 



CH, CH, 
C 2 H 5 CHCH 2 0-q^g)^0--tCH 2 ^ 1 -CHC 2 H 5 



(1-33) 



CH, CH, 
C 2 H 5 CH-eCH^ T OHp><g^OCH 2 CHC 2 H 5 



(1-34) 



CH, CH, 
| 3 N | 3 

C 2 H 5 CHHCH 2 -^- O-^j^-OCHCgH, 3 
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(1-35) 

CH 



3 



n " C 8 H 1 7 -OCO-^)><g^OCH 2 CHC 2 H 5 



(1-36) 

n_C 8 H 1 7-°J°-C§-^' 0 -^ CH 2 4 r J HC 2 H 5 



(1-37) 

CK 

• N 




3 



n " C 1 0*21" Y^ N ^^ HC 6 H 1 3 



(1-38) 



CH 3 CHj 
C 2 H 5 CHCH 2 0-^)>^^-COHCH 2 43CHC 2 H 5 

O 



(1-39) 



CH, CH, 
| 3 /— N | 3 

C 2 H 5 CH^H2^0-(p>^Q)-COCHC 6 H 

0 



13 
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(1-40) 

CH 3 

n - C 10 H 21°^><^ <HCH 2V OCH 2; HC 2 H 5 



(1-41) 

CH 3 

n " C 1 2 H 25°^>^>- CHCH 2^4 OCH 2^ HC 2 H 5 



(1-42) 

CH- 

I N 

C 6 H 1 3$ HO '<§><§>-| <MCH 2^ CH 3 

0 



(1-43) 

C 2 H 5 CIH<:H2>40-(p^g)-CCHCH f fgCH3 

o 



The compounds represented by the formula (I) may be synthesized through processes as disclosed by, 
e.g.. Japanese Laid-Open patent Applications (KOKAI) 200972/1986, 200973/1986, 215372/1986 and 
291574/1986. For example, the following reaction scheme may be used for the synthesis. 
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X 2 -<g>-CN 



HCl-EtOH 
OEt 



^NH-HC1 



NH 3 



NH-HC1 



EtOCH=C(COOEt) 
NaOEt 
OH 




O 



poci 3 



COEt 

II 
0 



H 2 /Pd-C 
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0 



R^OH 



Ri , R2 and X2 are the same as defined above. 

Specific examples of the compounds represented by the above-mentioned general formula (II) may 
include those shown by the following structural formulas. 
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(2-1) 
(2-2) 

C 5 H 11^^ OC 8 H 17 

(2-3) 

C 5 H 11-C ) }^ 0C 12 H 25 

(2-4) 

C 6 H l3^X^°f C 5 H 11 



C 8 H 1?^)}^ 0 f 4H9 



(2-6) 

C 3 H 7^£^ 0C 6 H 13 
0 



EP 0 356 672 B1 

(2-7) 

C 5 H 1!^><^0C 7 H 15 
0 

(2-8) 

Vis-Cl^oVii 



(2-9) 



(2-10) 

N 



(2-11) 



(2-12) 

C 9 H 19^}#- OC 9 H 19 



(2-13) 
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(2-14) 



C 7 H 15^^ 0C 11 H 23 



(2-15) 



C 6 H 13-°^ N X§>" C 11 H 23 



(2-16) 

-N 



S H 19-^ N X^ C 9 H 19 



(2-17) 



C 1 1 H 23-°|-<g)^<Q>- C 5 H 1 1 



(2-18) 

.N 



C 7 H lS-^><§>-f C 5 H 11 



(2-19) 

.N 



(2-20) 



C lO H 2rQ|-Cl><§>-| OC 6 H 13 



C 7 H 15"<0><§>- 0C 7 H 15 
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(2-21) 

C 7 H 15^Q>° C 9 H 19 



(2-22) 

C 8 H 17"C ) }^? C 7 H 15 



(2-23) 

C 8 H 1? ^><g>-OC 9 H 19 



(2-24) 

C 12 H 25- < j°^©'| OC 6 H l3 
O 0 



(2-25) 

C 11 H 23-J°^>^C0C 8 H 17 
O O 

(2-26) 

C 12 H 25"^><§)- C 9 H 19 



(2-27) 

C 14 H 29-d@- C 6 H 13 
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(2-28) 

O 



(2-29) 

■ N 



S H l7^>#- 0< r | OC 6 H 1 3 



(2-30) 



C 7 H 15-°|^©-°| C8H17 
0 O 



(2-31) 

C 7 H l5^C£®"°flO H 21 
0 0 



(2-32) 



0 0 



(2-33) 

C 8 H 17-|0^5>^Y 12IJ25 

o o 

(2-34) 

C 10 H 21 0 -C|^ OC 6 H 13 
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(2-35) 



C 12 H 25°-C ) >-^ 0C 7 H 15 



(2-36) 



C 7 H 15°^}C^ 0C 7 H 15 



(2-37) 



C 6 H 13°iP><P/ OC 8 H 17 



(2-38) 



C 9 H 19°^yMP/ OC 11 H 23 



(2-39) 



CH. 



C 8 H 1 7"^)><^' OCH 2 CHC 2 H f 



(2-40) 



CH- 



S0 H 21^>(5>- OCH 2C HC 2 H 
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30 



35 



40 



50 



55 



(2-41) 

CH 



C 6 H 1 3^}<^ OCH 2^ HC 2 H f 



10 

(2-42) 

CH 3 



C 10 H 21"C ) }<§)- CH 2CHC 2 H ; 



20 

(2-43) 

25 xt I 3 



V 17 ^)^CH 2 CHC 2 H f 



(2-44) 

CH 3 

C 6 H 1 3-€ ) }©^ CH jh^ HC 3 H 7 



(2-45) 

N 1 J 



C 9 H 1 9^>^* CH 2+3 CHC 2 H ! 
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. (2-46) 

N T 2 
C 8 H 1 7 ^><5>-^ CH 2 4 5 CHC 2 H 5 

(2-47) 

C 1 0 H 2 1 -<P)<Q)- 0 -^ H 2^5 CHC 2 H 5 

(2-48) 

C 1 2 H 25^©HCH I f B (lHC3H 7 

(2-49) 

CH, 

C 7 H 15^ ) >^ OCHC 6 H 13 

(2-50) 

CH 3 . 

S H 19^}®^ HC 4 H 9 



30 



EP 0 356 672 B1 



(2-51 ) 



CH. 



C 10 H 21° 



OCH 2 CHC 2 H 5 



(2-52) 



CH. 



C 11 H 23° 



OCH 2 CHC 2 H 5 



(2-53) 

CH. 

C 1 1 H 23 0-(p>(O)-0-fCH 2 f 2 CHC 2 H 



(2-54) 

C 1 2 H 25°-(Q>^ ( ^ CH 2-h CHC 3 H 



(2-55) 

CH 3 

C 8 H 1 7^)><Q)-CKCH 2 ^ 2 CHOCH3 
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(2-56) 

CH 

C 6 H 1 3aOKQ/ wh 2~^ choch : 



(2-57) 

C 1 0 H 2 1 -^^OKHj^CHOC 3 H ? 



(2-58) 

CH- 

>— N . — . | 3 

S 2 H 25^<^^ H 2^ CHOC 3 H 7 



(2-59) 

N ! J 



S4 H 29^ N >^^ H 2- CH ^5 



(2-60) 

CH 3 

C 1 0 H 2 1 "C)>©- (HCH 2^1 CH0CH • 
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(2-61) 

N f* 3 
C 1 2 H 25^ N X5)' 04<:H 2 + 4 CHOCH 3 



(2-62) 

CH 3 

C 1 1 H 23°^S>- 0 ^ H 2^3 CHOC 3 H 7 



(2-63) 

CH 3 

C 10 H 21°^&><5V O - tCH 2 4 4 CHOCH 3 



(2-64) 

CH 3 

C 8 H 1 7^}<^ 0 ^W HOC 2 H 5 



(2-65) 

CH 3 

C 6 H 1 3'(&> : ©>- < ^- WH 2-^ CHOCH 3 
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(2-66) 

CH.. 
/— N ^ ' 

C 



: 9 H 1 9^ ) H§y° CHCH 2 OC 2 H f 



(2-67) 

CH, 

C 1 2 H 25 -(0><0>-OCHCH 2 OC 2 H 5 

(2-68) 

N ( f H3 
C 5 H 11^}©^jj OCH 2 CHOC 3 H 7 
0 

(2-69) 

CH 3 

C 7 H 1 5^®-|°- WH 2^3 CHOC 5 H 1 1 
0 

(2-70) 

CH 3 

C 1 0 H 2 1 0^Hg)-(HCH 2 -f I CHOCH3 
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(2-71) 

CH 



C 1 0 H 2 1 0-@>"@-oi HCH 2 OC 2 H 5 



3 



(2-72) 



C 6 H l3^><gX^ OC 6 H l3 



(2-73) 



C 7 H l5 ^)><gK^ OC 9 H 



19 



(2-74) 



C 10 H 21^©^' OC 5 H 11 



(2-75) 



7" 15 
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(2-76) 

C 3«7^}<©H^ OC 11 H 23 



(2-77) 

C 4 H 9°"€>}^X§>- OC 5 H 1 1 



(2-78) 

S H 15°^H§><©^ 0C 8 H 17 



(2-79) 

C 8 H l7^>}^S^ 0 jj C6Hl3 

O 

(2-80) 

C 10 H 21^}<©K^Y 4H9 

O 

(2-81) 

C 8 H 17^SX§>- C 5 H 11 



36 



EP 0 356 672 B1 



(2-82) 



C 



"15 



(2-83) 

• N 



C 5«11-€)><§X5>- C 6 H 13 



(2-84) 

-N 



C 10 H 21°^>#^ OC 4 H 9 



(2-85) 

-N 



C 11 H 23°^>#<§>- OC 5 H 11 



(2-86) 

-N 



C 6 H 13°^§>^Y5 H 11 



(2-87) 



C 10 H 21^ N ><2>^ O f C 8 H l7 

0 
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(2-88) 

S2 H 25-<&}<g><g)-OCOC 5 H 11 

O 

(2-89) 

CH 3 

C 9 H 1 9"€ ) ><§K§)- OCH 2 ( ! : HC 2 H 5 



(2-90) 

CH 3 

C 1 2 H 25-C ) ^H§)^ OCH 2 CHC 2 H 5 



(2-91) 

CH 3 

C 1 0 H 2 1 ^><§H§)- 0 ^ CH 2^3 CHC 2 H 5 



(2-92) 

CH 3 

C 6 H 1 3^ N H§) n ^ (HCH 2-ti CHOC 3 H 7 
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(2-93) 

CH 3 

C 9 H l9 ^Xg>^OC-jHC 2 H 5 

O 

(2-94) 

C 1 0 H 2 1 -<^><§^©- OCHCH 2 OC 2 H 5 



(2-95) 

CH 3 

C 11 H 23°^}<£M^ HC 6 H 13 



(2-96) 



CH 3 

C 1 0 H 2 1 -(g)><gXg)-O4CH 2 -^CH0CH3 



(2-97) 



CH 3 

°8 H 1 7^^§)- <HCH 2-^3 CHOC 3 H 7 
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(2-98) 

CH 3 

C 5 H 11 

(2-99) 

CH 3 

(2-100) 

CH 3 

C 1 0 H 2 1 ^}®K^ 0 ^ H 2^ HOCH 3 

(2-101) 

CH 3 

C 1 1 H 23°^> < ©K^ 0 " K:H 2^3 ( = H0C 3 H 7 

(2-102) 

C 5 H 11-#<S)><§V C 6 H 13 
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(2-103) 

-N 



c 4 h 9 -<©x£)H§K 7 h, 5 



(2-104) 

-N 



(2-105) 

-N 



C 10 H 21-#C)>^ OC 5 H 11 



(2-106) 

-N 



17 



(2-107) 

CilH 23 ^f?X5VoC 10 H : 



(2-108) 

-N 



C 8 H 17°-#^>>^ OC 5 H 11 



(2-109) 

-N 

C. 



10 H 21°-<^C!>^0^ OC 6 H 13 
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(2-110) 

C 11 H 23°-<§><&>^ C 4 H 9 



(2-111) 

S2 H 25°^<C)}©' C 7 H 15 



(2-112) 

S0 H 21^K^©^°| C5Hl1 

0 

(2-113) 

0 

(2-114) 

C 8 H l7 "<g>^g>-OCOC 4 H 9 

O 

(2-115) 

C 1 0 H 2 1 -(§^>>^- OCH 2 CHC 2 H 5 
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(2-116) 

CH 3 

C 8 H 1 7^)^h(^ 0 ^ CH 2^3 CHC 2 H 5 



(2-117) 

C 1 2 H 25^C|^- <HCH 2- f 5 CHC 2 H 5 



(2-118) 

CH 3 

C 10 H 21-<§Hg|^OCHC 6 H 1 3 



(2-119) 

CH 3 

°8 H 1 7"<^<^X§>- OCH 2 CHOCH 3 



(2-120) 

CH 3 

C 6 H 1 2~©^><&™«2H C « OC & 
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(2-121) 



CH. 



<HCH£)-jCHOCH 3 



(2-122) 



CH. 



C 1 0 H 21 ^©^©>' OCHCH 2 OC 2 H 5 



(2-123) 



CH. 



CHCHj^CHOC^ 



(2-124) 



C 5 H 11-##^>- C 10 H 21 



(2-125) 



C 6 H l3\OXOXQh C 9 H 



9"19 



(2-126) 



C 10 H 21°-<^<S^- C 4 H 
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(2-127) 



Sl H 23°^Hg>Ci>- C 7 H l5 



(2-128) 

N- 



(2-129) 



(2-130) 

N- 



I«11-©^PH!«»13 



(2-131) 

N- 



C 7 H 15^X§>^>- C 4 H 9 



(2-132) 

N- 



C 7 H 15-##^ C 6 H 13 



45 



EP 0 356 672 B1 



25 



30 



(2-133) 



C 9 H l9 -<P>^^ CH 2-n OC 2 H 5 



(2-134) 



10 CH 3 



75 



(2-135) 



The 




35 



40 



45 



50 



55 
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may be synthesized through the following reaction scheme: 




R3, R*, p and q are the same as defined above. 

A representative example of synthesis of a compound represented by the formula (II) is described 
below. 

Synthesis Example 1 

(Synthesis of compound Example No. 2 - 60) 

A solution of 1.83 g (9.6 mmol) of p-toluenesulfonic acid chloride in 5 ml of pyridine was added 
dropwise to a solution of 1.06 g (8.0 mmol) of 5-methoxyhexanol in 5 ml of pyridine below 5 # C on an iced 
water bath. After stirring for 6 hours at room temperature, the reaction mixture was injected into 100 ml of 
cold water and, after being acidified with 6N-hydrochloric acid, was extracted with isopropyl ether. The 
organic layer was washed with water and dried with anhydrous magnesium sulfate, followed by distilling-off 
of the solvent to obtain 5-methoxyhexyl-p-toluenesulfonate. 

Separately, 2.0 g (6.41 mmol) of 5-decyl-2-(p-hydroxyphenyl)pyrimidine and 0.61 g of potassium 
hydroxide were added to 10 ml of dimethylformamide, and the mixture was stirred for 40 min. at 100 *C. To 
the mixture was added the above-prepared 5-methoxyhexyl-p-toluenesulfonate followed by 4 hours of 
stirring under heating at 100 'C. After the reaction, the reaction mixture was poured into 100 ml of cold 
water and extracted with benzene, followed by washing with water, drying with anhydrous magnesium 
sulfate and distilling-off of the solvent, to obtain a pale yellow oily product. The product was purified by 
column chromatography (silica gel - ethyl acetate/benzene = 1/9) and recrystallized from hexane to obtain 
1 .35 g of 5-decyl-2-[4-(5'-methoxyhexyloxy)phenyl]pyrimidin . 
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Phas transition temperature (* C) 



3.5 27.9 40.3 

Cry. * SmC ^ * SmA ^ k Iso. 

0.2 26.7 37.6 



to in a preferred embodiment, the ferroelectric chiral smectic liquid crystal composition according to the 
present invention further comprises a mesomorphic compound having a negative dielectric anisotropy, 
which is preferably selected from those represented by the following formulas (111-1) to (III-5): 

Formula (111-1): 

75 

Ya Yb 

Ra-Xa-Aa-Xb-^^Xc-Ab-Xd-Rb , 

wherein Ra and Rb respectively denote a linear or branched alkyl group capable of having a substituent; Xa 
and Xd respectively denote a single bond, -0-, 



20 



25 

-CO- or -OC-; 

II o 

0 o 



30 Xb and Xc respectively denote a single bond, 

-CO-, -OC- 
II » 

35 0 0 

or -CH2CH2-; Aa and Ab respectively denote a single bond, 

40 



-(*y- (trans) , 
-(^y(^y (trans-trans), -(T)^^- (trans) or 



45 



50 



with proviso that when Aa and Ab are both single bonds, Xb and Xc are both single bonds, and Xa and Xd 
are both single bonds or -0-, or Xa is 

55 -co- 
ll 
o 
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and Xd is 



0 

and Ya and Yb are respectively cyano group, halogen or hydrogen with proviso that Ya and Yb cannot be 
w hydrogen simultaneously; 

Formula (Ul-2): 



75 Re-Xe-Ae-Xf Xg-Af -Xh-Rf , 

N-N 

wherein Re and Rf respectively denote a linear or branched alkyl group capable of having a substituent; Xe 
20 and Xh are respectively a single bond, -0-, 



25 



-CO- or -OC-; 

[i o 

o o 



Xf and Xg are respectively 



-CO-, -OC- 

II II 
0 0 



or a single bond; and Ae and Af are respectively 

35 
40 




45 or a single bond with proviso that Ae and Af cannot be a single bond simultaneously; 



50 



55 
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Formula (III-3): 



N-N 



Ri-Xi-Ai ^ J—^^-Xj -Aj -Xk-R j 



wherein Ai is a single bond or 

70 



15 Aj is a single bond, 

20 

Ri and Rj are respectively a linear or branched alkyl group capable of having a substituent with proviso that 
Ri and Rj are linear alkyl groups when Aj is a single bond; Zi is -0- or -S-; Xj and Xk are respectively a 
single bond, -0-, 

25 

-CO-, -OC- or -0C0-; 
II II II 

ooo 

30 

Xj is a single bond, 

-CO- -0C-, 

II 

0 0 

-CH2O- or -OCH2 with proviso that Xi is a single bond when Ai is a single bond, Xj is not a single bond 
40 when Aj is 



45 

and Xk is a single bond when Aj is a single bond; 
Formula (llt-4): 

50 

/-\/ CN 
Rl-Xl-Al-Xm-AmV H Y-Rm , 

55 

wh rein RI and Rm ar resp ctiv ly a linear or branched alkyl group capable of having a substituent; AI and 
Am are respectively a single bond, 
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5 with proviso that AJ and Am cannot be a single bond simultaneously; XI is a single bond, -0-, 

-CO- or -OC-: 

ii n 

0 o 

and Xm is a single bond, 

-CO-, -OC-, 

I I 

0 o 

-CH2O-, -OCH 2 -, -CH2CH2- or -OC-; 

20 

Formula (III-5): 

Rn-Xn- An-Xo^^- Z 2 - Ao-Xp- Ap-Xq-Ro , 

wherein Rn and Ro are respectively a linear or branched alkyl group capable of having a substituent; Xn 
and Xq are respectively a single bond, -0-, 

30 

-CO- or -0C-; 

ii II 

o o 

35 

Xo and Xp are respectively a single bond, 

-CO-, -OC-, 

II II 

-CH2O-, -OCH2- or -CH2CH2-; An and Ap are respectively a single bond, 

45 



25 



Ao is 

50 



55 
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and Z2 is 



CN CN 

I I 
-C=CH- or -CH-CH- 



In the above formulas (111-1) to (HI-5), the alkyl groups Ra - Ro may respectively have 1-18 carbon 
70 atoms, preferably 4-16 carbon atoms, further preferably 6-12 carbon atoms. 

Specific examples of mesomorphic compounds represented by the general formulas (111-1) to (III-5) may 
respectively include those denoted by the structural formulas shown below. 



75 



20 



25 



30 



35 



40 



45 



50 



55 



52 



EP 0 356 672 B1 



Formula (111-1) 

(3-1) 

5 

CN CN 



CN CN 



n " C 1 0 H 2 1 ^XO^f °^ 0C 6^ 3" n 



20 



25 



(3-3) 



n-C 12 H 25 0 



CN CN CH- 



OCH 2 CHC 2 H 5 



30 



35 



(3-4) 



n-C 3 H ? -( H 




40 



II 

O 



CN • CN 

<hD>°c 2 h 5 



45 



50 



55 



53 



EP 0 356 672 B1 



(3-5) 



CN CN 



n " C 5 H 1 1 "<EK§>-CO-<gy-OC 5 H 1 1 -n 



(3-6) 



CN CN 



n - C 7 H 1 5^5Kg)-| 0 ^- OC 4 H 9- n 



(3-7) 



CN CN 



n-C 3 H 



7°^|°^°|^ 
O O 



OC 3 H ? 



(3-8) 



CN CN 



n-C g H 13 0 



^CO-^-OC^0-C 3 H 7 



(3-9) 



CN CN' 



n - C 5 H 1 1 



KD"if°"^' 0 ?"® hC 5 H 11 
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(3-10) 



CN CN 



n-C 5 H 1l -0-CO-(^-OC 6 H 1 3-n 



(3-11) 



CN CN 

n-C ? H 1 5 -<2H;o-^-OC 5 H 1 ! -n 



(3-12) 



CN CN 



n " C 8 H 1 7-W-<f°-<Q>-Q C 8 H 1 7- n 



(3-13) 



CN CN 



n-C^^CC-^- 



OC 5 H 1 1 -n 



(3-14) 



CN 'CN 



n - c 6 H i3^| OH C^ oc 7 H i5- n 
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(3-15) 

CN CN 




(3-16) 

CN CN 



*-C, oHj1 <i>CO^Uc 7 H 15 - n 



(3-17) 



CN CN 

n - c 5 H i 1 -<2hr°^^°|j :c i o H 2r n 

O 



(3-18) 



CN CN CH 3 



n - c 5 H i 1 <E^|°-^°; hc 6 h i 3" n 



(3-19) 

CN CN CH 3 
n " C 8 H 1 7 H ®"|°^" OCH 2; HOC 2 H 
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(3-20) 

CN CN 



n " C 1 2 H 25"<§)-| 0 '^- OCH 2 CH (CH 3> 2 
0 



(3-21) 

CN CN CH 3 

n - C 10 H 21°^©"|°-^-° (CH 2 ) J* C 2*l 
O 



(3-22) 



CN CN 



n-C 0 H« -tO-^^-CO-^^-OC, n H, , -n 



*8"17" 



I 
o 



'10"21 



(3-23) 



CN CN 



n_C 5 H 1 lKE>" CH 2 CH 2-®- C 3 H 7- n 



(3-24) 



CN CN 



„-C 3i , 7 <^CH 2 CH 2 ^=3H 7 -» 



(3-25) 
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The mesomorphic compound having a negative dielectric anisotropy Ac may preferably have Ae < -2, 
preferably < -5, further preferably Ac < -10. 

The liquid crystal composition according to the present invention may be obtained by mixing at least 

35 one species of the compound represented by the formula (I), at least one species of the compound 
represented by the formula (II), optionally at least one species of a mesomorphic compound having a 
negative dielectric anisotropy and another mesomorphic compound in appropriate proportions. The liquid 
crystal composition according to the present invention may preferably be formulated as a ferroelectric liquid 
crystal composition, particularly a ferroelectric chiral smectic liquid crystal composition. 

40 Specific examples of another mesomorphic compound as described above may include those denoted 
by the following structure formulas. 
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H » '17 



< S8 > 

30 



<W7-^°-®-OClO H 21 



0 

35 

(59) 

C 10 H 21°^>-| 0 H©-OC6 H 13 



(60) 



„ — * 17 

so 



55 
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(61) 

C 9 H 19^^ 0 ^°- C 10 H 21 



0 



(62) 



C 5 H 11°<«>©^ < j 0 ^y C 3 H 7 



(63) 

C 4 H 9<«>| 0 '<S^- C 2 H 5 
0 



(64) 



(65) 



o o 



(66) 



1 13 
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(67) 

C 4 H 9 -0-CH 2 CH 2 -0-<^CO^<g)-CO-C 6 H 1 3 

0 0 

(68) 

C 10 H 21°-©^°J-? OC 5 H 11 

0 

(69) 

f 3 

C 4 H 9 OCH 2 CHO^CO-(g><g)-COC 8 H 1 ? 

o o 

(70) 

CH, 

C 4 H 9 OCH 2 CHO^-CO-^^g>-COC 6 H 1 3 

II U 
o 0 

(71) 

f 3 

CH 3 OCH-tCH 2 ->T °-^-|°-<^<§)-| 0C 8 H 1 7 

0 0 
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(72) 

CH 



CH 3 0(lH^CH 2 4 T -0^g)-CO-<gy(gyCOC 6 H 1 . 



70 

(73) 

CI CH, 
_ | | 3 

C 10 H 21°-<S^ 

0 

20 

(74) 



25 



30 



35 



CH- 



C 5 H 1 1°; HCH 2°^X§^f -<g)-OC 8 H 1 ? 



(75) 

0 O 



40 



In formulating the liquid crystal composition according to the present invention, it is desirable to mix 1 - 
300 wt. parts each, preferably 2 - 100 wt. parts each, of a compound represented by the formula (I) and a 
compound represented by the formula (II) with 100 wt. parts of another mesomorphic compound as 
mentioned above which can be composed of two or more species. 

45 Further, when two or more species of either one or both of the compounds represented by the formulas 
(I) and (II) are used, the two or more species of the compound of the formula (I) or (II) may be used in a 
total amount of 1 - 500 wt. parts, preferably 2 - 100 wt. parts, per 100 wt. parts of another mesomorphic 
compound as described above which can be composed of two or more species. 

Further, the weight ratio of the compound of the formula (l)/the compound of the formula (II) may 

so desirably be 1/300 - 300/1, preferably 1/50 - 50/1. When two or more species each of the compounds of the 
formulas (I) and (II) are used, the weight ratio of the total amount of the compounds of the formula (l)/the 
total amounts of the compounds of the formula (II) may desirably be 1/500 - 500/1, preferably 1/50 - 50/1. 

Further, the total amounts of the compounds of the formulas (I) and (H) may desirably b 2 - 600 wt. 
parts, preferably 4 - 200 wt. parts, when one species each is selected from the formulas (I) and (II), or 2 - 

55 1000 wt. parts, pref rably 4 - 200 wt. parts, wh n two or mor species are selected from at least on of th 
formulas (I) and (II), respectively, with respect to 100 wt. parts of th abov -mentioned another mesomor- 
phic compound which may b composed of two or mor sped s. 
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Further, a mesomorphic compound having a negative dielectric anisotropy as described above can b 
contained in a proportion of 1 - 98 wt. % of the liquid crystal composition of the present invention so as to 
provide a composition having a negative dielectric anisotropy. Particularly, when a mesomorphic compound 
having Ac < -2 is based, it may be contained in a proportion of 1 - 70 wt. %, preferably 1 - 50 wt. %, of the 
5 liquid crystal composition of the present invention. 

Further, the total of the compounds of the formulas (I) and (II) and the mesomorphic compound having a 
negative dielectric anisotropy can constitute 3 - 100 wt. % of the liquid crystal composition of the present 
invention. 

The ferroelectric liquid crystal device according to the present invention may preferably be prepared by 

70 heating the liquid crystal composition prepared as described above into an isotropic liquid under vacuum, 
filling a blank cell comprising a pair of oppositely spaced electrode plates with the composition, gradually 
cooling the cell to form a liquid crystal layer and restoring the normal pressure. 

Figure 1 is a schematic sectional view of an embodiment of the ferroelectric liquid crystal device 
prepared as described above for explanation of the structure thereof. 

75 Referring to Figure 1, the ferroelectric liquid crystal device includes a ferroelectric liquid crystal layer 1 
disposed between a pair of glass substrates 2 each having thereon a transparent electrode 3 and an 
insulating alignment control layer 4. Lead wires 6 are connected to the electrodes so as to apply a driving 
voltage to the liquid crystal layer 1 from a power supply 7. Outside the substrates 2, a pair of polarizer 8 are 
disposed so as to modulate incident light lo from a light source 9 in cooperation with the liquid crystal 1 to 

20 provide modulated light I. 

Each of two glass substrates 2 is coated with a transparent electrode 3 comprising a film of In203, 
Sn02 or ITO (indium-tin-oxide) to form an electrode plate. Further thereon, an insulating alignment control 
layer 4 is formed by rubbing a film of a polymer such as polyimide with gauze or acetate fiber-planted cloth 
so as to align the liquid crystal molecules in the rubbing direction. Further, it is also possible to compose 

25 the alignment control layer of two layers, e.g.. by first forming an insulating layer of an inorganic material 
such as silicon nitride, silicon nitride containing hydrogen, silicon carbide, silicon carbide containing 
hydrogen, silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide,, 
zirconium oxide, titanium oxide, or magnesium fluoride, and forming thereon an alignment control layer of 
an organic insulating material, such as polyvinyl alcohol, polyimide, polyamide-imide, polyester-imide, 

30 polyparaxylylene, polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, polyvinyl acetate, 
polyamide, polystyrene, cellulose resin, melamine resin, urea resin, acrylic resin, or photoresist resin. 
Alternatively, it is also possible to use a single layer of inorganic insulating alignment control layer or 
organic insulating alignment control layer. An inorganic insulating alignment control layer may be formed by 
vapor deposition, while an organic insulating alignment control layer may be formed by applying a selection 

35 of an organic insulating material or a precursor thereof in a concentration of 0.1 to 20 wt. %, preferably 0.2 - 
10 wt. %, by spinner coating, dip coating, screen printing, spray coating or roller coating, followed by curing 
or hardening under prescribed hardening condition (e.g., by heating). The insulating alignment control layer 
may have a thickness of ordinarily 30 A - 1 micron, preferably 30 - 3000 A, further preferably 50 - 1000 A. 
The two glass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 

40 "electrode plates") and further with insulating alignment control layers 4 thereof are held to have a 
prescribed (but arbitrary) gap with a spacer 5. For example, such a cell structure with a prescribed gap may 
be formed by sandwiching spacers of silica beads or alumina beads having a prescribed diameter with two 
glass plates, and then sealing the periphery thereof with, e.g., an epoxy adhesive. Alternatively, a polymer 
film or glass fiber may also be used as a spacer. Between the two glass plates, a ferroelectric liquid crystal 

45 is sealed up to provide a ferroelectric liquid crystal layer 1 in a thickness of generally 0.5 to 20 microns, 
preferably 1 to 5 microns. 

The ferroelectric liquid crystal provided by the composition of the present invention may desirably 
assume a SmC* phase (chiral smectic C phase) in a wide temperature range including room temperature 
(particularly, broad in a lower temperature side) and also shows wide drive voltage margin and drive 
so temperature margin when contained in a device. 

Particularly, in order to show a good alignment characteristic to form a uniform monodomain, the 
ferroelectric liquid crystal may show a phase transition series comprising isotropic phase - Ch phase 
(cholesteric phase) - SmA phas (smectic A phase) - SmC* phase (chiral smectic C phase) on temperature 
decreas . 

55 The transpar nt electrodes 3 ar connected to th xternal power supply 7 through the lead wires 6. 
Furth r f outside the glass substrat s 2, polarizers 8 ar applied. Th device shown in Figure 1 is of a 
transmission type and is provided with a light source 9. 
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Figure 2 is a schematic illustration of a ferroelectric liquid crystal cell (device) for explaining operation 
thereof. Reference numerals 21a and 21b denot substrat s (glass plat s) on which a transparent electrode 
of, e.g., In20a ( SnOz, ITO (indium-tin-oxide), etc., is disposed, respectively. A liquid crystal of an SmC*- 
phase (chiral smectic C phase) in which liquid crystal molecular layers 22 are aligned perpendicular to 

5 surfaces of the glass plates is hermetically disposed therebetween. Full lines 23 show liquid crystal 
molecules. Each liquid crystal molecule 23 has a dipole moment (Pjj 24 in a direction perpendicular to the 
axis thereof. The liquid crystal molecules 23 continuously form a helical structure in the direction of 
extension of the substrates. When a voltage higher than a certain threshold level is applied between 
electrodes formed on the substrates 21a and 21b, a helical structure of the liquid crystal molecule 23 is 

70 unwound or released to change the alignment direction of respective liquid crystal molecules 23 so that the 
dipole moments (Pjj 24 are all directed in the direction of the electric field. The liquid crystal molecules 23 
have an elongated shape and show refractive anisotropy between the long axis and the short axis thereof. 
Accordingly, it is easily understood that when, for instance, polarizers arranged in a cross nicol relationship, 
i.e., with their polarizing directions crossing each other, are disposed on the upper and the lower surfaces of 

75 the glass plates, the liquid crystal cell thus arranged functions as a liquid crystal optical modulation device 
of which optical characteristics vary depending upon the polarity of an applied voltage. 

Further, when the liquid crystal cell is made sufficiently thin (e.g., less than about 10 microns), the 
helical structure of the liquid crystal molecules is unwound to provide a non-helical structure even in the 
absence of an electric field, whereby the dipole mount assumes either of the two states, i.e., Pa in an upper 

20 direction 34a or Pb in a lower direction 34b as shown in Figure 3, thus providing a bistable condition. When 
an electric field Ea or Eb higher than a certain threshold level and different from each other in polarity as 
shown in Figure 3 is applied to a cell having the above-mentioned characteristics, the dipole moment is 
directed either in the upper direction 34a or in the lower direction 34b depending on the vector of the 
electric field Ea or Eb. In correspondence with this, the liquid crystal molecules are oriented in either of a 

25 first stable state 33a and a second stable state 33b. 

When the above-mentioned ferroelectric liquid crystal is used aan optical modulation eJement, it is 
possible to obtain two advantages. First is that the response speed is quite fast. Second is that the 
orientation of the liquid crystal shows bistability. The second advantage will be further explained, e.g., with 
reference to Figure 3. When the electric field Ea is applied to the liquid crystal molecules, they are oriented 

30 in the first stable state 33a. This state is stably retained even if the electric field is removed. On the other 
hand, when the electric field Eb of which direction is opposite to that of the electric field Ea is applied 
thereto, the liquid crystal molecules are oriented to the second stable state 33b, whereby the directions of 
molecules are changed. This state is similarly stably retained even if the electric field is removed. Further, 
as long as the magnitude of the electric field Ea or Eb being applied is not above a certain threshold value, 

35 the liquid crystal molecules are placed in the respective orientation states. 

When such a ferroelectric liquid crystal device comprising a ferroelectric liquid crystal composition as 
described above between a pair of electrode plates is constituted as a simple matrix display device, the 
device may be driven by a driving method as disclosed in Japanese Laid-Open Patent Applications (KOKAI) 
Nos. 193426/1984, 193427/1984, 156046/1985, 156047/1985, etc. 

40 More specifically, such a ferroelectric liquid crystal device may for example be driven by a driving 
embodiment as described hereinbefore with reference to Figures 3 to 7. 

Hereinbelow, the present invention will be explained more specifically, with reference to examples. It is 
however to be understood that the present invention is not restricted to these examples. 

45 Example 1 

A liquid crystal composition 1-A was prepared by mixing the following compounds in respectively 
indicated proportions. 

50 



55 
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Ex. 

Compound 

No. Structural formula Wt. parts 

CH, 
j J 

8 CgH., 7 O^^-C0S-^j^-CH2CHC 2 H5 45 

CH, 

9 C 12 H 25 0-(g)-COS-(g^CH 2 CHC 2 H 5 45 

CH, 

1 2 CgH-| 7 0-^^-COS-^^-OCH 2 CHC 2 Hg 1 5 

CH, 
| 3 

1 3 C-, Q H 21 0-^^-COS-^^-OCH 2 CHC 2 H 5 1 5 



CH-j 
| 3 

17 CgH 1 7 0-CHCH 2 0-^^-COO-^^-^^-COOC 6 H 1 3 30 

1 8 C 5 H 1 ! 0-CHCH 2 0-^^-COO^^-^^-COOC 1 Q H 21 30 

67 C 4 H 9 OCH 2 CH 2 0-^^-COO-^^^^-COOCgH 1 3 1 0 

A liquid crystal composition 1-B was prepared by mixing the following Example compounds Nos. 1-6 
and 2-23 with the above prepared composition 1-A. 
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Ex.Comp. 

No. Structural formula Wt. parts 

5 CH-j 

1- 6 

70 

2- 23 C 8 H 17 -^g)-OC 9 H l9 5 

75 

Composition 1-A 85 



The above-prepared liquid crystal composition 1-B was used to prepare a liquid crystal device in 

20 combination with a blank cell prepared in the following manner. 

Two 1.1 mm-thick glass plates were provided and respectively coated with an ITO film to form an 
electrode for voltage application, which was further coated with an insulating layer of vapor-deposited Si02. 
The insulating layer was further coated with a 1.0 %-solution of polyimide resin precursor (SP-510, available 
from Toray K.K.) in dimethylacetoamide by a spinner coater rotating at 3000 rpm for 15 seconds. 

25 Thereafter, the co ting film was subjected to heat curing at 300 *C for 60 min. to obtain about 120 A-thick 
film. The coating film was rubbed with acetate fiber-planted cloth. The thus treated two glass plates were 
washed with isopropyl alcohol. After silica beads with an average particle size of 1.5 microns were 
dispersed on one of the glass plates, the two glass plates were applied to each other with a bonding sealing 
agent (Lixon Bond, available from Chisso K.K.) so that their rubbed directions were parallel to each other 

30 and heated at 100 "C for 60 min. to form a blank cell. The cell gap was found to be about 1.5 microns as 
measured by a Berek compensator. 

Then, the above-prepared liquid crystal composition 1-B was heated into an isotropic liquid, and 
injected into the above prepared cell under vacuum and, after sealing, was gradually cooled at a rate of 20 
°C/hour to 25 *C to prepare a ferroelectric liquid crystal device. 

35 The ferroelectric liquid crystal device was subjected to measurement of a driving voltage margin AV ( = 
V3-V1) by using the driving waveforms (bias ratio = 1/3) described with reference to Figures 4A and 4B and 
setting At so as to provide V1 of about 15 volts. The results are shown below. 





10 -c 


25 -C 


40 'C 


Voltage margin AV 
(set At) 


11.5V 
(800 usee) 


12.0 V 
(230 lisec) 


9.5 V. 
(70 usee) 



Further, when the temperature was changed while the voltage (V s + Vj) was set at a central value within 
the voltage margin, the temperature difference capable of driving (hereinafter called "(driving) temperature 
margin") was ±3.0 'C. 

Further, contrast of 9 was attained at 25 'C during the driving. 

Comparative Example 1 

A liquid crystal composition 1-C was prepared by omitting Example compound No. 2-23 from the liquid 
crystal composition 1-B, i.e., by adding only Example compound No. 1-6 to the liquid crystal composition 1- 
A, and a liquid crystal composition 1-D was prepared by omitting Exampl compound No. 1-6 from the 
composition 1-B, i. by adding only Example compound No. 2-23 to the composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 1-C and 1-D were pr pared by using th compositions 1-A f 1-C 
and 1-D, respectively, instead of the composition 1-B, and subjected to m asurement of driving voltage 
margin AV, otherwise in th sam mann r as in Example 1 . The results are shown below. 
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Voltage margin AV (set At) 




10 *C 


25 *C 


40 *C | 


1-A 


9 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


1-C 


10 V (900 usee) 


10.5 V (250 usee) 


9 V (75 usee) 


1-D 


9.5 V (900 usee) 


9.5 V (250 usee) 


8 V (75 usee) 



Further, the driving temperature margin with respect to 25 *C was ±2.2 *C for 1-A, ±2.5 *C for 1-C and 
±2.4 'C for 1-D. 

As apparent from the above Example 1 and Comparative Example 1, the ferroelectric liquid crystal 
device containing the liquid crystal composition 1-B according to the resent invention provided wider driving 
voltage and temperature margins and showed a better performance of retaining good images in resistance 
to changes in environmental temperature and cell gap. 

Example 2 

A liquid crystal composition 2-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 1-A prepared in Example 1. 



Ex.Corop. 
No, 



1-5 



Structural formula 



y— N _ | 

C 1 1 H 23°^<Q^ OCH 2 J HC 2 H 5 



wt« parts 



1-17 



CH-j 



C 12 H 25°^V(^ 0 ( CH 2)5 J HC 2 H 5 



10 



2-57 C, Q H 21 ^^-0-fCH^CHOC 3 H 7 



10 



Composition 1-A 100 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 2-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a mono domain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 -c 


25 *C 


40 *C 


Voltage margin (set At) 


12.5 V (750 usee) 


12.5 V (230 usee) 


9.5 V (70 usee) 



Further, the driving temperature margin with respect to 25 *C was ±3.3 *C. A contrast of 8 was attained 
during the drive at the temperature. 

Comparativ Examples 2 



A liquid crystal composition 2-C was prepared by omitting Example compound No. 2-57 from the liquid 
crystal composition 2-B, i.e., by adding only Example compounds Nos. 1-5 and 1-17 to th liquid crystal 
composition 1-A, and a liquid crystal composition 2-D was prepared by omitting Example compounds Nos. 
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1-5 and 1-17 from the composition 2-B, i.e., by adding only Example compound No. 2-57 to the 
composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 2-C and 2-D were prepared by using th compositions 1-A, 2-C 
and 2-D, respectively, instead of the composition 1-B, and subjected to measurem nt of driving voltage 
margin AV f otherwise in the same manner as in Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 # C 


25 *C 


40 *C 


1-A 


9 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


2-C 


10 V (900 usee) 


11 V (250 usee) 


9 V (75 usee) 


2-D 


10 V (900 usee) 


10 V (250 usee) 


8 V (75 usee) 



Further, the driving temperature margin with respect to 25 'C was ±2.2 *C for 1-A, ±2.6 *C for 2-C and 
±2.4 'C for 2-D. 

As apparent from the above Example 2 and Comparative Example 2, the ferroelectric liquid crystal 
device containing he liquid crystal composition 2-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 



Example 3 



A liquid crystal composition 3-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 1-A prepared in Example 1. 



Ex.Coap. 

No. Structural formula wt. parts 

CH 3 

1 -4 CgH, 9 0^>^OCH 2 iHC 2 H 5 1 5 



2-82 C 7H1 sXQKOHOVc.Hi 3 1 0 




Composition 1-A 75 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 3-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 # C 


25 *C 


40 *C 


Voltage margin (s t At) 


12.5 V (700 usee) 


13.0 V (220 usee) 


11.0 V (75 usee) 



Further, th driving temperature margin with r spect to 25 *C was ±3.7 *C. A contrast of 10 was attained 
during the drive at the temperatur . 
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Comparative Example 3 

A liquid crystal composition 3-C was prepared by omitting Example compound No. 2-82 from the liquid 
crystal composition 3-B, i.e., by adding only Example compound No. 1-4 to the liquid crystal composition 1- 
A, and a liquid crystal composition 3-D was prepared by omitting Example compound No. 1-4 from the 
composition 3-B, i.e., by adding only Example compound No. 2-82 to the composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 3-C and 3-D were prepared by using the compositions 1-A, 3-C 
and 3-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 -C 


40 *C 


1-A 


9 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


3-C 


10 V (800 usee) 


11 V (240 usee) 


9 V (75 usee) 


3-D 


10.5 V (800 usee) 


11.0V (240 usee) 


9.5 V (75 usee) 



Further, the driving temperature margin with respect to 25 # C was ±2.2 *C for 1-A, ±2.8 *C for 3-C and 
±2.7 *C for 3-D. 

As apparent from the above Example 3 and Comparative Example 3, the ferroelectric liquid crystal 
device containing the liquid crystal composition 3-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 4 

A liquid crystal composition 4-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 1-A prepared in Example 1. 

Ex.Comp. 

No. Structural formula 

CH-, 

N _ | J 
1 -1 5 C 8Hl 7 0-<£)^>-OCHC 8 H 1 ? 

2 - 9 C 8 H 17^}©- OC 6 H 13 



Composition 1-A 80 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 4-B was used, and the device was subjected to measurement of driving 
voltag margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 



wt. parts 
10 
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10 *C 


25 -C 


40 'C 


Voltage margin (set At) 


12.0 V (840 usee) 


12.5 V (220 usee) 


9.5 V (70 usee) 



70 



75 



Further, the driving temperature margin with respect to 25 # C was ±3.1 *C. A contrast of 9 was attained 
during the drive at the temperature. 

Comparative Example 4 

A liquid crystal composition 4-C was prepared by omitting Example compound No. 2-9 from the liquid 
crystal composition 4-B, i.e., by adding only Example compound No. 1-15 to the liquid crystal composition 
1-A, and a liquid crystal composition 4-D was prepared by omitting Example compound No. 1-15 from the 
composition 4-B, i.e., by adding only Example compound No. 2-9 to the composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 4-C and 4-D were prepared by using the compositions 1-A, 4-C 
and 4-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1 . The results are shown below. 



20 



25 



30 



35 



Voltage margin AV (set At) 




10 *C 


25 *C 


40 -C 


1-A 


9.0 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


4-C 


10.0 V (900 usee) 


10.0 V (250 usee) 


9.0 V (75 usee) 


4-D 


9.0 V (900 usee) 


9.5 V (250 usee) 


8.0 V (75 usee) 



Further.the driving temperature margin with respect to 25 *C was ±2.2 *C for 1-A, ±2.5 *C for 4-C and 
±2.4 *C for 4-D. 

As apparent from the above Example 4 and Comparative Example 4, the ferroelectric liquid crystal 
device containing the liquid crystal composition 4-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 5 

A liquid crystal composition 5-A was prepared by mixing the following compounds in respectively 
indicated proportions. 



40 



45 



50 



55 
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Ex. 

Compound 

No. Structural formula Wt. parts 

CH* 

1 0 C, 0 H 21 0-^^-COS-^^-CH 2 CHC 2 H 5 20 

CHj 

1 3 C, 0 H 21 0-^^.COS-^^-OCH 2 iHC 2 H 5 30 
<jH 3 

17 CgH, 70-^20-^-000^)^-0000^ 3 10 
CH, 

1S C 2 H 5 OCHCH 2 O-^^-COO-^^-^^-COOC l0 H 21 30 



67 C 4 H 9 OCH 2 CH 2 0-^-COO-^^^-COOC 6 H 1 3 20 

57 C 1() H 21 0-(g)-COO^g)-OC 8 H l7 5 

60 C 1Q H 21 -^)-C00^-0C 8 H 17 10 

A liquid crystal composition 5-B was prepared by mixing the following Example compounds Nos. 1-3, 2- 
73 and 2-83 with the above prepared composition 5-A. 
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Ex.Comp.No. 



1-3 



Structural formula 



CH<: 



C 14 H 29 0^(g)-OCHC 6 H 1 3 



wt. parts 



15 



10 



2-73 



N 

C 7 H 15-Ci^gH§>- OC 9 H 19 



15 



2-83 



CeH 



S n 11 



-N 




■°6 H 13 



10 



20 



Composition 5-A 



70 



25 



A ferroelectric liquid crystal device 5-B was prepared in the same manner as in Example 1 except that 
the liquid crystal composition 5-B was used instead of the composition 1-B. The device was subjected to 
measurement of driving voltage margin and observation of switching states. In the device, a monodomain 
with a good and uniform alignment characteristic was observed. The results of the measurement are shown 
below. 



30 





10 -C 


25 *C 


40 *C 


Voltage margin (set At) 


14.0 V (720 usee) 


14.0 V (230 usee) 


11.0 V (74 usee) 



35 



40 



45 



50 



55 



Further, the driving temperature margin with respect to 25 *C was ±4.1 *C. A contrast of 8 was attained 
during the drive at the temperature. 

Comparative Example 5 

A liquid crystal composition 5-C was prepared by omitting Example compounds Nos. 2-73 and 2-83 
from the liquid crystal composition 5-B prepared in Example 5, i.e., by adding only Example compound No. 
1-3 to the liquid crystal composition 5-A, and a liquid crystal composition 5-D was prepared by omitting 
Example compound No. 1-3 from the composition 5-B, i.e., by adding only Example compounds Nos. 2-73 
and 2-83 to the composition 5-A. 

Ferroelectric liquid crystal devices 5-A, 5-C and 5-D were prepared by using the compositions 5-A, 5-C 
and 5-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1 . The results are shown below. 



Voltage margin AV (set At) 




10 *C 


25 *C 


40 # C 


5-A 
5-C 
5-D 


10.5 V (1200 usee) 
11.0V (1000 usee) 
11.5 V (1000 usee) 


10.5 V (330 usee) 
11.0V (300 usee) 
11.5 V (300 usee) 


8.5 V (98 usee) 
9.0 V (95 usee) 
9.5 V (95 usee) 



Further, th driving temp rature margin with respect to 25 'C was ±2.5 # C for 5-A, ±2.7 # C for 5-C and 
±2.8 *C for 5-D. 

As apparent from the above Example 5 and Comparative Example 5. the ferroelectric liquid crystal 
device containing the liquid crystal composition 5-B according to th present invention provid d wider 
driving voltag and temperature margins and showed a better p rformanc of retaining good images in 
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resistance to changes in environmental temperature and cell gap. 



Example 6 

A liquid crystal composition 6-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 5-A prepared in Example 5. 



Ex.Comp. 

No. Structural formula vt> parts 



1-7 



;h 3 



C 1 2 H 25°-(g^^^ H 2^ HC 2 H 5 




CH 3 



2-67 C 1 2 H25\OXO> 0(iHCH 2 OC 2 H 5 



N 



Composition 5-A 90 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 6-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 -c 


25 'C 


40 -C 


Voltage margin (set At) 


12.5 V (1000 usee) 


12.5 V (300 usee) 


9.0 V (95 usee) 



Further, the driving temperature margin with respect to 25 *C was ±3.0 *C. A contrast of 9 was attained 
during the drive at the temperature. 

Comparative Example 6 

A liquid crystal composition 6-C was prepared by omitting Example compound No. 2-67 from the liquid 
crystal composition 6-B, i.e., by adding only Example compound No. 1-7 to the liquid crystal composition 5- 
A, and a liquid crystal composition 6-D was prepared by omitting Example compound No. 1-7 from the 
composition 6-B, i.e., by adding only Example compound No. 2-67 to the composition 5-A. 

Ferroelectric liquid crystal devices 5-A, 6-C and 6-D were prepared by using the compositions 5-A, 6-C 
and 6-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 'C 


25 *C 


40 *C 


5- A 

6- C 
6-D 


10.5 V (1200 usee) 
10.5 V (1000 usee) 
10.5 V (1000 usee) 


10.5 V (330 usee) 
11.5 V (300 usee) 
10.5 V (300 usee) 


8.5 V (98 usee) 
8.5 V (95 usee) 
8.0 V (95 usee) 



Furth r, th driving temp rature margin with respect to 25 *C was ±2.5 *C for 5-A, ±2.7 *C for 6-C and 
±2.6 - C for 6-D. 
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As apparent from the above Example 6 and Comparative Exampl 6, the ferroel ctric liquid crystal 
device containing th liquid crystal composition 6-B according to th present invention provid d wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 7 

A liquid crystal composition 7-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 5-A prepared in Example 5. 

Ex.Comp. 

No. Structural formula wt« parts 



1-11 



1-16 



C 1 0 H 21 0 -^©-COKH^AhC 2 H 5 
0 

C 8 H 1 7°-C>}<©>- 0 ^ H 2^-^ HC 2 H 5 



2-21 C 7 H 15 -^)V^.OC 9 H 19 10 

Composition 5-A 80 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 7-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 *C 


25 *C 


40 # C 


Voltage margin (set At) 


13.0 V (850 usee) 


13.0 V (260 usee) 


9.5 V (90 usee) 



Further, the driving temperature margin with respect to 25 "C was ±3.5 # C. A contrast of 10 was attained 
during the drive at the temperature. 

Comparative Example 7 



A liquid crystal composition 7-C was prepared by omitting Example compound No. 2-21 from the liquid 
crystal composition 7-B, i.e., by adding only Example compounds Nos. 1-11 and 1-16 to the liquid crystal 
composition 5-A, and a liquid crystal composition 7-D was prepared by omitting Example compounds Nos. 
1-11 and 1-16 from the composition 7-B, i.e., by adding only Example compound No. 2-21 to the 
composition 5-A. 

Ferroelectric liquid crystal d vie s 5-A, 7-C and 7-D were prepared by using the compositions 5-A, 7-C 
and 7-D, respectively, inst ad of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, oth rwise in the sam manner as in Example 1. The results ar shown below. 
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Voltage margin AV (set At) 




10 -c 


25 -C 


40 'C 


5-A 
7-C 
7-D 


10.5 V (1200 usee) 
11.0 V (1000 usee) 
11.0 V (1000 usee) 


10.5 V (330 usee) 
11.5 V (300 usee) 
11.0V (300 usee) 


8.5 V (98 usee) 
9.0 V (90 usee) 
9.0 V (90 usee) 



Further, the driving temperature margin with respect to 25 "C was ±2.5 *C for 5-A, ±2.8 # C for 7-C and 
10 ±2.6 *C for 7-D. 

As apparent from the above Example 7 and Comparative Example 7, the ferroelectric liquid crystal 
device containing the liquid crystal composition 7-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

15 

Example 8 

A liquid crystal composition 8-A was prepared by mixing the following compounds in respectively 
indicated proportions. 

20 
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Ex. 

Compound 

No, _ Structural formula Wt. parts 

CH, 

24 C 10 H 21 O-^^.COS-^^-OCH 2 CHOC 3 H 7 10 



CH 3 

25 Cy 2 H 25 



67 C 4 H 9 OCH2CH20-^^-COO-^^^^-COOC 6 H 13 10 

4 C 2 H 5 CHCH 2 ^^gy-COO-(g)-OC 8 H 17 10 



CH 3 

C 2 H 5 CHCH 2 ^^.COO^g)-OC 6 H 1 3 20 



57 ^O^-^y^-^-^M 15 

58 C 8 H 17-^- COO ^- OC 10 H 21 15 

P 

47 C 10 H 21 O-^^.COO^^)CH 2 CHC 8 H 17 5 

F 

51 C g H 13 CHCH 2 0-(g)-COO^ 



^—COOC 10 H 21 

A liquid crystal composition 8-B was prepared by mixing the following Example compounds Nos. 1-4, ' 
19, 2-82 and 2-102 with the above prepared composition 8-A. 
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Ex.Comp. 
No. 



Structural formula 
CH- 



Wt. parts 



1 " 4 C 9 H 1 9°-^§>- OCH 2^ HC 2 H 5 



70 



75 



1-19 



CH 3 



20 



.N 




2-82 C 7 H 15 -/QV/OXO> C 6 H 13 



25 



2-102 



C 5 H 11 




(O. 



C C E 



N 



6 fl 13 



Composition 8-A 



80 



30 



35 



A ferroelectric liquid crystal device 8-B was prepared In the same manner as in Example 1 except that 
the liquid crystal composition 8-B was used instead of the composition 1-B. The device was subjected to 
measurement of driving voltage margin and observation of switching states. In the device, a monodomain 
with a good and uniform alignment characteristic was observed. The results of the measurement are shown 
below. 



40 



45 



50 





10 -c 


25 °C 


45 °C 


Voltage margin (set At) 


11.0V (280 usee) 


11.0V (90 usee) 


7.0 V (40 usee) 



Further, the driving temperature margin with respect to 25 *C was ±2.7 *C. A contrast of 11 was attained 
during the drive at the temperature. 

Comparative Example 8 

A liquid crystal composition 8-C was prepared by omitting Example compounds Nos. 2-82 and 2-102 
from the liquid crystal composition 8-B, i.e., by adding only Example compounds Nos. 1-4 and 1-19 to the 
liquid crystal composition 8-A, and a liquid crystal composition 8-D was prepared by omitting Example 
compounds Nos. 1-4 and 1-19 from the composition 8-B, i.e., by adding only Example compounds Nos. 2- 
82 and 2-102 to the composition 8-A. 

Ferroelectric liquid crystal devices 8-A, 8-C and 8-D were prepared by using the compositions 8-A, 8-C 
and 8-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwis in th sam manner as in Example 1. Th results are shown below. 



55 
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Voltage margin AV (set At) 




10 *C 


25 *C 


40 -C 


8-A 


8.0 V (400 usee) 


8.0 V (110 usee) 


6.0 V (40 usee) 


8-C 


9.0 V (340 usee) 


9.0 V (100 usee) 


6.0 V (40 usee) 


8-D 


9.0 V (340 usee) 


9.5 V (100 usee) 


7.0 V (40 usee) 



Further, the driving temperature margin with respect to 25 *C was ±1.9 "C for 8-A, +2.1 *C for 8-C and 
±2.1 'C for 8-D. 

As apparent from the above Example 8 and Comparative Example 8, the ferroelectric liquid crystal 
device containing the liquid crystal composition 8-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 9 

A liquid crystal composition 9-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 8-A prepared in Example 8. 



Ex.Comp. 

No. Structural formula wt . parts 



1-23 




CH 3 

2-60 C, rt Hoi (CIMaCHOCH* 10 



: 1 0 H 21 -<P N XQ)- 0 < CH 2 > 4 CHOCH 3 



Composition 8-A 75 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 9-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 # C 


25 # C 


40 'C 


Voltage margin (set At) 


11.0 V (260 usee) 


11.5 V (85 usee) 


7.5 V (40 usee) 



Further, the driving temperature margin with respect to 25 *C was ±2.9 "C. A contrast of 10 was attained 
during the drive at the temperature. 

Comparative Example 9 

A liquid crystal composition 9-C was prepared by omitting Example compound No. 2-60 from the liquid 
crystal composition 9-B, i.e., by adding only Example compound No. 1-23 to th liquid crystal composition 
8-A, and a liquid crystal composition 9-D was prepared by omitting Example compound No. 1-23 from th 
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composition 9-B, i. by adding only Example compound No. 2-60 to the composition 8-A. 

Ferro lectric liquid crystal d vices 8-A, 9-C and 9-D were prepared by using the compositions 8-A, 9-C 
and 9-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1 . The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 °C 


40 'C 


8-A 


8.0 V (400 usee) 


8.0 V (110 usee) 


6.0 V (40 usee) 


9-C 


9.0 V (320 usee) 


9.5 V (100 usee) 


6.0 V (40 usee) 


9-D 


9.0 V (320 usee) 


9.0 V (100 usee) 


6.0 V (40 usee) 



Further, the driving temperature margin with respect to 25 *C was ±1.9 "C for 8-A, ±2.3 *C for 9-C and 
±2.2 *C for 9-D. 

As apparent from the above Example 9 and Comparative Example 9, the ferroelectric liquid crystal 
device containing the liquid crystal composition 9-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 1 0 

A liquid crystal composition 10-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 8-A prepared in Example 8. 



Ex.Comp. 

No, Structural formula wt. parts 

CH3 

1-6 C, , ^23 0 -^Qy^y° C CT 2 > 2^ HC 2 H 5 20 



2-23 CaH^^^OCgH^ 10 

Composition 8-A 70 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 10-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 -c 


25 *C 


40 -C j 


Voltage margin (set At) 


12.0 V (240 usee) 


12.0 V (80 usee) 


8.5 V (40 usee) 



Further, the driving temperature margin with respect to 25 "C was ±3.2 *C. A contrast of 9 was attained 
during th drive at th t mperature. 

Comparative Example 10 

A liquid crystal composition 10-C was prepared by omitting Example compound No. 2-23 from th 
liquid crystal composition 10-B, i.e., by adding only Example compound No. 1-6 to the liquid crystal 
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composition 8-A, and a liquid crystal composition 10-D was prepared by omitting Example compound No. 
1-6 from the composition 10-B, i. ., by adding only Example compound No. 2-23 to the composition 8-A. 

Ferroelectric liquid crystal devices 8-A, 10-C and 10-D were prepared by using the compositions 8-A, 
10-C and 10-D, respectively, instead of the composition 1-B, and subjected to measurement of driving 
s voltage margin AV, otherwise in the same manner as in Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 *C 


40 *C 


8-A 
10-C 
10-D 


8.0 V (400 usee) 
9.0 V (300 usee) 
9.0 V (300 usee) 


8.0 V (110 usee) 
9.5 V (100 usee) 
9.0 V (100 usee) 


6.0 V (40 usee) 
7.0 V (40 usee) 
6.0 V (40 usee) 



75 Further, the driving temperature margin with respect to 25 'C was ±1.9 *C for 8-A, +2.4 *C for 10-C 
and ±2.2 # C for 10-D. 

As apparent from the above Example 10 and Comparative Example 10, the ferroelectric liquid crystal 
device containing the liquid crystal composition 10-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
20 resistance to changes in environmental temperature and cell gap. 

Example 11 

A blank cell was prepared in the same manner as in Example 1 except for omitting the Si02 layer to 
25 form an alignment control layer composed of the polyimide resin layer alone on each electrode plate. Four 
ferroelectric liquid crystal devices were prepared by filling such a blank cell with liquid crystal compositions 
2-B, 2-C, 2-D and 1-A, respectively, prepared in Example 2 and Comparative Example 2. These liquid 
crystal devices were subjected to measurement of driving voltage and temperature margins in the same 
manner as in Example 1 . The results are shown below. 

30 



Comp. 


Voltage margin (set At) 


Temp, margin (at 25 ° C) 


10 *C 


25 -C 


40 *C 


2-B 


14.0 V (720 usee) 


14.0 V (210 usee) 


10.0 V (60 usee) 


±3.8 *C 


2-C 


10.5 V (850 usee) 


11.0 V (240 usee) 


9.5 V (75 usee) 


±2.7 • C 


2-D 


10.0 V (850 usee) 


10.5 V (240 usee) 


9.0 V (75 usee) 


±2.7 ° C 


1-A 


9.5 V (950 usee) 


10.0 V (250 usee) 


9.0 V (75 usee) 


±2.4 ° C 



40 As is apparent from the above Example 1 1 , also in the case of a different device structure, the device 
containing the ferroelectric liquid crystal composition 2-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap than the device containing the other liquid 
crystal compositions. 

45 

Examples 12-19 

Liquid crystal compositions 12-B to 19-B were prepared by replacing the example compounds and the 
liquid crystal compositions used in Example 1, 5 and 8 with example compounds and liquid crystal 
so compositions shown in the following Table 1. Ferroelectric liquid crystal devices were prepared by 
respectively using these compositions instead of the composition 1-B, and subjected to measurement of 
driving margins and observation of switching states. In the devices, a monodomain with a good and uniform 
alignm nt characteristic was observed. The results of the measurement are shown in the following Table 1 . 

55 
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5 




±3.3 


±3.1 
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in 
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40 




1-21 


in 
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vo 
1 


in 
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I 




50 


8 

i 


00 


(18-B) 


as 
«— 


(19-B) 



As is apparent from the results shown in the above Table 1 . the ferroelectric liquid crystal devices 
55 containing the liquid crystal compositions 12-B to 19-B provided wid driving voltag and temperatur 
margins and show d good performances of retaining good images in resistance to changes in environmen- 
tal temp rature and cell gap. 
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Example 20 



A liquid crystal composition 20-B was prepared by mixing the following example compound in the 
indicated proportion with the liquid crystal composition 1-B prepared in Example 1. 



Ex, Comp. No, Structural formula wt. parts 

CN CN 

3-1 0 n-CglL, ! -^HycO-^^CgH, 3 -n 10 

0 

Composition 1-B 90 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition was used, and the device was subjected to measurement of driving voltage 
margin in the same manner as in Example 1 to obtain the following results. 





10 -c 


25 *C 


40 -C 


Voltage margin (set At) 


11.0V (900 usee) 


12 V (260 usee) 


9.5 V (75 usee) 



Then, the tilt angle of the above device was measured under right-angle cross nicols at 25 *C to provide 
7.2 degrees. Further, the tilt angle of the device was again measured while being subjected to application of 
rectangular waveforms of ±8 V and a frequency of 60 KHz and found to be 13 degrees. The transmittance 
measured at that time was 12.7%, and a contrast of 50:1 was attained. 



Comparative Example 20 

A liquid crystal composition 20-C was prepared in the same manner as in Example 20 except that the 
liquid crystal composition 1-A prepared in Example 1 was used instead of the composition 1-B to be mixed 
with the Example compound No. 3-10 in the same proportions. 

Ferroelectric liquid crystal devices were prepared by using the compositions 20-C, 1-A and 1-B 
respectively and subjected to measurement of driving voltage margin, otherwise in the same manner as in 
Example 1 . Further, the tilt angles of these devices were measured in the same manner as in Example 20. 
The results are shown below. 



Voltage margin (set At) 


Comp. 


10 -c 


25 *C 


40 *C 


1-A 


9.0 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


1-B 


11.5 V (800 usee) 


12.0 V (230 usee) 


9.5 V (70 usee) 


20-C 


8.0 V (1300 usee) 


9.0 V (310 usee) 


9.0 V (83 msec) 



Tilt angle (25 *C) 


Comp. 


Initial (no electric field) 


Under AC appln. (60 KHz, ±8 V, rectangular) 


1-A 


7.5 degrees 


7.8 degrees 


1-B 


7.0 degrees 


7.3 degrees 


20-C 


7.7degr es 


13.3 degrees 



As apparent from Exampl 20 and Comparative Example 20, the liquid crystal composition 20-B 
obtained by mixing a mesomorphic compound having a negative dielectric anisotropy (Exampl compound 
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No. 3-10) with the liquid crystal composition 1-B according to the present invention provided a wid r driving 
margin and also provid d a r markably improved display characteristic when used in a display method 
utilizing AC application (or AC stabilization). 

5 Example 21 

A liquid crystal composition 21 -B was prepared by mixing the following example compounds in the 
respectively indicated proportions with the liquid crystal composition 1-B prepared in Example 1. 



70 



75 



20 



25 



30 



35 



40 



45 



50 



Ex.Comp. No, Structural formula wt . parts 

N-N 

3-90 n-C 10 H 21 J 

0C 1 2 H 25" n 5 



CN CN 

3-12 n-C 8 H 17 ^T)-CO^-OC 8 H 17 -n 



CM 

3-122 ix-Cq^ 7 -(*yi^.Ctfly 7 - 



O 

CN 

n 



3-70 n-CgH, i-(Q>(§yoCs^ t -n 

N— N 



N-N 



3-1 07 n- Cl Q H 21 \ J^OC-0-C 3 H 7 - 



6 



N-N 



3-111 n-C 12 H 25 J[ j^^C^-^H^CjjH^-n 



. S 

CN 



3-167 n-C 9 H 



19 0-^CHi-(g)-C 7 H l5 -n 



Composition 1-B 80 



55 A f rroelectric liquid crystal d vice was pr pared in th same manner as in Example 1 except that the 
abov liquid crystal composition was used, and the device was subjected to measurement of driving voltage 
margin in the same manner as in Example 1 to obtain the following results. 
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10 # C 


25*C 


40°C 


Voltage margin (set At) 


11.0 V (850 usee) 


12 V (250 usee) 


10 V(75 usee) 



Then, the tilt angle of the above device was measured under right-angle cross nicols at 25 'C to provide 
8.2 degrees. Further, the tilt angle of the device was again measured while being subjected to application of 
rectangular waveforms of ±8 V and a frequency of 60 KHz and found to be 12.8 degrees. The transmittance 
measured at that time was 13%, and a contrast of 56:1 was attained. 

Comparative Example 21 

A liquid crystal composition 21 -C was prepared in the same manner as in Example 21 except that the 
liquid crystal composition 1-A prepared in Example 1 was used instead of the composition 1-B to be mixed 
with the other example compounds in the same proportions. 

Ferroelectric liquid crystal devices were prepared by using the compositions 21-C, 1-A and 1-B 
respectively and subjected to measurement of driving voltage margin, otherwise in the same manner as in 
Example 1 . Further, the tilt angles of these devices were measured in the same manner as in Example 21 . 
The results are shown below. 



Voltage margin (set At) 


Comp. 


10 -c 


25 *C 


40 'C 


1-A 


9.0 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


1-B 


11.5V (800 usee) 


12.0 V (230 usee) 


9.5 V (70 usee) 


21-C 


8.5 V (1170 usee) 


9.0 V (320 usee) 


9.0 V (85 usee) 



Tilt angle (25 ° C) 


Comp. 


Initial (no electric field) 


Under AC appln. (60 KHz, ±8 V, rectangular) 


1-A 


7.5 degrees 


7.8 degrees 


1-B 


7.0 degrees 


7.3 degrees 


21-C 


8.3 degrees 


13.0 degrees 



As apparent from Example 21 and Comparative Example 21, the liquid crystal composition 21 -B 
obtained by mixing mesomorphic compounds having a negative dielectric anisotropy with the liquid crystal 
composition 1-B according to the present invention provided a wider driving margin and also provided a 
remarkably improved display characteristic when used in a display method utilizing AC application (or AC 
stabilization). 

For example, the dielectric anisotropy A« of a mesomorphic compound or a liquid crystal composition 
referred to herein may be measured in the following manner. 

A 5 micron-thick homogeneous alignment cell having an electrode of 0.7 cm 2 in area and a homo- 
geneous alignment layer (rubbed polyimide) on both substrates, and a 5 micron-thick homeotropic 
alignment cell having an electrode of 0.7 cm 2 in area and a homeotropic alignment layer (aligning agent: 
"ODS-E" available from Chisso K.K.) on both substrates, are provided. The respective cells are filled with a 
sample liquid crystal material (compound or composition) to prepare liquid crystal devices. The capacitan- 
ces of the liquid crystal layers are measured by applying a sine wave with a frequency of 100 KHz and 
amplitudes of ±0.5 V to the respective devices at a prescribed temperature set for the liquid crystal 
material, and the dielectric constants 4 and are obtained from the measured capacitance values of the 
respective devices, whereby the dielectric anisotropy Ae is calculated by the equation of Ae = ell - *_L 

As describ d her inabov , th ferroelectric liquid crystal composition according to the present invention 
provides a liquid crystal device which shows a good switching characteristic, a wid driving voltage margin 
and a wide temperatur margin so that th device shows an exc II nt performance of retaining good imag s 
in resistance to changes in environmental temperature and cell gap. Further, the liquid crystal composition 
according to the present inv ntion further containing a mesomorphic compound having a negativ dielectric 
anisotropy, provides a liquid crystal device which retains the above-mentioned characteristics and further 
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shows a r markably improv d display charact ristic wh n used in a driving method utilizing AC stabilization. 
Claims 

Claims for the f llowlng Contracting Stat s : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NU SE 

5 

1. A ferroelectric chiral smectic liquid crystal composition, comprising: 

at least one optically active compound represented by the following formula (I): 



70 



25 



30 



35 



40 



50 



R 1" X 1^>©- X 2- R 2 CD. 



wherein Ri and Ffe respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
75 capable of having a substituent, at least one of Rt and Rz being optically active; Xi denotes -0-, 

-OC-, -co- 

0 I 

or 



and X2 denotes a single bond. -0-. 



-0C0-; 

II 
0 



-OC-, -CO- 

1 n 

o o 



or 



-0C0-; 

II 
0 



and 

45 at least one compound represented by the following formula (II): 



wherein Ra and R* r spectively denote a linear or branched optically inactive alkyl group having 1-18 
carbon atoms capable of having an alkoxy group of 1 - 12 carbon atoms; Xa and X* respectively denote 
55 a single bond, -0-, 
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-0C-, -CO- or -OCO-; 

(I 0 D 

0 0 o 



10 



and m and n are respectively 0, 1 or 2 with proviso that both of m and n are not 0. 

2. A composition according to Claim 1, which further comprises a mesomorphic compound having a 
negative dielectric anisotropy. 

3. A composition according to Claim 2, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy Ac of below -2. 

4. A composition according to Claim 3, wherein said mesomorphic compound having a negative dielectric 
ts anisotropy has a dielectric anisotropy Ac of below -5. 

5. A composition according to Claim 4, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy Ac of below -10. 

20 6- A composition according to Claim 2, wherein said mesomorphic compound having a negative dielectric 
anisotropy is a mesomorphic compound represented by any of the following formulas (MM) to (III-5); 
Formula (III-1): 



25 



Ya Yb 

Ra-Xa-Aa-Xb-^N-Xc-Ab-Xd-Rb , 



30 wherein Ra and Rb respectively denote a linear or branched alkyl group capable of having a 
substituent; Xa and Xd respectively denote a single bond, -0-, 



35 



-CO- or -OC-; 

s s 



Xb and Xc respectively denote a single bond, 



40 



-co-, -oc- 

II II 

0 0 



45 or -CH2CH2-; Aa and Ab respectively denote a single bond, 



so 



-/hV (trans), 



or 



55 with proviso that when Aa and Ab are both single bonds, Xb and Xc are both single bonds, and Xa and 
Xd are both single bonds or -0-, or Xa is 
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-CO- 

I 

O 



and Xd is 



-OC-; 
i 

o 

and Ya and Yb are respectively cyano group, halogen or hydrogen with proviso that Ya and Yb cannot 
be hydrogen simultaneously; 
Formula (III-2): 

Re-Xe-Ae-Xf -c^Vxg-Af -Xh-Rf , 
N-N 

wherein Re and Rf respectively denote a linear or branched alkyl group capable of having a substituent; 
Xe and Xh are respectively a single bond, -0-, 



-CO- or -OC-; 

I II 
0 0 

Xf and Xg are respectively 



-CO-, -oc- 

0 il 

0 0 



or a single bond; and Ae and At are respectively 



or a single bond with proviso that Ae and At cannot be a single bond simultaneously; 
Formula (III-3): 

N-N 



Ri-Xi-Ai \ f— ^^Xj-Aj-Xk-Rj 
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wherein Ai is a single bond or 
Aj is a single bond, 

Ri and Rj are respectively a linear or branched alkyl group capable of having a substituent with proviso 
that Ri and Rj are linear alkyl groups when Aj is a single bond; 2i is -0- or -S-; Xi and Xk are 
respectively a single bond, -0-, 

-CO-. -OC- or -OC0-; 

II D II 

0 o o 

Xi is a single bond, 

-CO- -0C-, 

n o 

o o 

-CH 2 0- or -OCH 2 with proviso that Xi is a single bond when Ai is a single bond, Xj is not a single bond 
when Aj is 



and Xk is a single bond when Aj is a single bond; 
Formula (III-4): 

Rl-Xl-Al-Xm-Am^iyS , 

wherein RI and Rm are respectively a linear or branched alkyl group capable of having a substituent; AI 
and Am are respectively a single bond, 



with proviso that AI and Am cannot be a single bond simultaneously; XI is a single bond, -0-, 

-CO- or -0C-; 

II 8 

O 0 

and Xm is a single bond, 
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-CO-, -OC-, 

II II 
O 0 



-CH2O-, -OCH2-, -CH2CH2- or -OC-; 
Formula (1II-5): 

Rn-Xn-An-Xo-^^-Z 2 -Ao-Xp-Ap-Xq-Ro, 

wherein Rn and Ro are respectively a linear or branched alkyl group capable of having a substituent; 
Xn and Xq are respectively a single bond, -0-, 

-CO- or -OC- ; 

& 1 

Xo and Xp are respectively a single bond, 

-CO-, -OC-, 

II II 

o o 

-CH2O-, -OCH2- or -CH2CH2-; An and Ap are respectively a single bond, 



Ao is 



-(h)- or-®-, 



' and Z2 is 



cn an 
I I 

-CaCH- or -CH-CH 2 - 



7. A liquid crystal device, comprising a pair of electrode plates and a ferroelectric liquid crystal 
composition according to any one of Claims 1 - 6 disposed between the electrode plates. 

Claims for the following Contracting State : ES 

1. A proc ss for producing a ferroelectric chiral smectic liquid crystal composition by mixing at I ast on 
optically active compound repres nted by the following formula (I): 
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Ri-Xi^V®-x 2 -r 2 



wherein Ri and Ffe respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of having a substituent, at least one of Ri and R2 being optically active; X1 denotes -0- 

-oc-, -co- 
ll II 

o o 



or 



-OCO- ; 

II 
O 



and X2 denotes a single bond, -0-, 



-00, -co- 
ll H 
o o 



or 



-OCO- ; 

II 
O 

and 

at least one compound represented by the following formula (II): 

R 3- x 3~^>V^H<0>^rx 4 -R 4 <ir>, 

wherein R3 and FU respectively denote a linear or branched optically inactive alkyl group having 1-18 
carbon atoms capable of having an alkoxy group of 1 - 12 carbon atoms; X3 and X* respectively denote 
a single bond, -0-, 

-0C- , -CO- or -OCO- ; 
II II II 

00 o 

and m and n are respectively 0, 1 or 2 with proviso that both of m and n are not 0. 

Th process according to Claim 1, wherein a further mesomorphic compound having a negative 
dielectric anisotropy is added. 
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3. Th process according to Claim 2, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy Ac of below -2. 

4. The process according to Claim 3, wherein said mesomorphic compound having a negative dielectric 
5 anisotropy has a dielectric anisotropy Ac of below -5. 

5. The process according to Claim 4, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy Ac of below -10. 

w 6. The process according to Claim 2, wherein said mesomorphic compound having a negative dielectric 
anisotropy is a mesomorphic compound represented by any of the following formulas (111-1) to (III-5); 
Formula (111-1): 



75 



20 



Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb , 

wherein Ra and Rb respectively denote a linear or branched alkyl group capable of having 
substituent; Xa and Xd respectively denote a single bond, -0-, 



25 



-CO- or -OC-; 

II 

0 



I 



30 



35 



40 



45 



Xb and Xc respectively denote a single bond, 

-CO-, -oc- 

II II 

o o 

or -CH2CH2-; Aa and Ab respectively denote a single bond, 



or 



VhV ( trans ) , 

^y^Ky (trans-trans), ^J*}^^" (trans) 



with proviso that when Aa and Ab are both single bonds, Xb and Xc are both single bonds, and Xa and 
Xd are both single bonds or -0-, or Xa is 



50 



-co- 
ll 
o 



55 



and Xd is 
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O 



and Ya and Yb are respectively cyano group, halogen or hydrogen with proviso that Ya and Yb cannot 
be hydrogen simultaneously; 
Formula (III-2): 



Re-Xe-Ae-Xf ^J^Xg-Af -Xh-Rf , 
N-N 

75 wherein Re and Rf respectively denote a linear or branched alkyl group capable of having a substituent; 
Xe and Xh are respectively a single bond, -0-, 



20 



-CO- or -OC-; 

f! II 

o o 



Xf and Xg are respectively 

25 



-co-, -oc- 

I I 

o o 

30 

or a single bond; and Ae and Af are respectively 

-©-■ 

or a single bond with proviso that Ae and Af cannot be a single bond simultaneously; 
Formula (III-3): 

N-N 



35 



40 



Ri-Xi-Ai ^ JJ— ^^-Xj-Aj-Xk-Rj 

so wherein Ai is a single bond or 



55 

Aj is a single bond, 
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75 



20 



25 



30 



35 



40 



45 



50 



55 



5 Ri and Rj are respectively a linear or branched alkyl group capable of having a substituent with proviso 
that Ri and Rj are linear alkyl groups when Aj is a single bond; Zi is -0- or -S-; Xi and Xk are 
respectively a single bond, -0-, 

7 0 -CO-, -OC- or -OCO- ; 

il li ll 

0 0 0 



Xj is a single bond, 

-CO- -0C-, 

II II 
0 0 

-CH 2 0- or -OCH2 with proviso that Xi is a single bond when Ai is a single bond, Xj is not a single bond 
when Aj is 



and Xk is a single bond when Aj is a single bond; 
Formula (111-4): 



Rl-Xl-Al-Xm-Am^iyRm , 

wherein RI and Rm are respectively a linear or branched alkyl group capable of having a substituent; AI 
and Am are respectively a single bond, 

with proviso that AI and Am cannot be a single bond simultaneously; XI is a single bond, -0-, 



-CO- or -0C-; 

11 ll 



and Xm is a single bond, 



-CO-, -0C-, 
II II 

o o 
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70 



75 



20 



25 



30 



-CH 2 0- t -OCHs-, -CH2CH2- or -C-C-; 
Formula (III-5): 

Rn-Xn-An-Xo-^^^-Ao-Xp-Ap-Xq-Ro, 

wherein Rn and Ro are respectively a linear or branched alkyl group capable of having a substituent; 
Xn and Xq are respectively a single bond, -0-, 

-CO- or -OC- ; 

II J 

o o 

Xo and Xp are respectively a single bond, 

-CO-, -OC-, 

II II 
0 0 

-CH2O-, -OCH2- or -CH2CH2-; An and Ap are respectively a single bond, 



Ao is 



-0- or 



35 and Z 2 is 



CN CN 
I i 

w -C=CH- or -CH-CH 2 -, 



7. A liquid crystal device comprising a pair of electrode plates and a ferroelectric liquid crystal composi- 
45 tion produced according to any one of Claims 1 - 6 disposed between the electrode plates. 

Patentanspruche 

Patentansprtiche fUr folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

50 1. Ferroelektrische chirale smektische FIGssigkristallmischung, die 

mindestens eine optisch aktive Verbindung, die durch die folgende Formel (I) wiedergegeben wird: 



Ri-x 1 ^r><^x 2 -R 2 (i), 

worin Ri und R2 jeweils eine lineare oder verzweigte Alkylgruppe mit 1 bis 18 Kohlenstoffatomen 
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w 



15 



20 



30 



35 



b z ichnen, die einen Substituenten hab n kann, wob i von Ri und R2 mindestens eine optisch aktiv 
ist; X1 -0-, 



-oc-, -co- oder -oco- 

B fi B 

OO O 



bezeichnet und X2 eine Einfachbindung, -0-, 



-OC-, -CO- Oder -OCO- 

I"- -B B 

OO O 



bezeichnet, und 

mindestens eine Verbindung enthSIt, die durch die folgende Formel (II) wiedergegeben wird: 



R 3- x 3-^2>^ir^ (ID , 



worin R3 und FU jeweils eine lineare oder verzweigte, optisch inaktive Alkylgruppe mit 1 bis 18 
25 Kohlenstoffatomen bezeichnen, die eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatomen haben kann; X3 
und X* jeweils eine Einfachbindung, -0-, 



-OC-, 
fi 

o 



-CO- oder -OCO- 
II II 

o o 



bezeichnen und m und n unter der Bedingung, daB m und n nicht beide 0 bedeuten, jeweils 0, 1 oder 2 
40 bedeuten. ~~ 

2. Mischung nach Anspruch 1, die ferner eine mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie enthalt. 

46 3. Mischung nach Anspruch 2, bei der die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie A* hat, die unter -2 liegt. 

4. Mischung nach Anspruch 3, bei der die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie A« hat, die unter -5 liegt 

50 

5. Mischung nach Anspruch 4, bei der die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie Ac hat, die unter -10 liegt. 

6. Mischung nach Anspruch 2, b i der die mesomorphe Verbindung mit einer negativen dielektrischen 
55 Anisotropie in mesomorph V rbindung ist, die durch irgend ine d r folgenden Formeln (111-1) bis (III- 

5) wiedergegeben wird: 
Formel (111-1): 
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70 



Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb ,\ 

worin Ra und Rb jeweils eine lineare Oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xa und Xd jeweils eine Einfachbindung, -0-, 

-CO- oder -OC- 

il B 
o o 

bezeichnen; Xb und Xc jeweils eine Einfachbindung, 

-CO-, -oc- 

H U 
0 o 

20 Oder -CH 2 CH 2 - bezeichnen; Aa und Ab jeweils eine Einfachbindung, 

^5)- (trans), ^®-(5)- (trans-trans), -®--®- 

25 (trans) oder 

bezeichnen, wobei vorausgesetzt ist, dafl, wenn Aa und Ab beide Einfachbindungen sind, Xb und Xc 
beide Einfachbindungen sind und Xa und Xd beide Einfachbindungen oder -0- sind oder Xa 



75 



30 



35 ist und Xd 



-co- 
ll 
o 



40 



45 



SO 



55 



-oc- 

II 

o 

ist; und Ya und Yb jeweils eine Cyangruppe, Halogen oder Wasserstoff bezeichnen, wobei vorausge- 
setzt ist, dafl Ya und Yb nicht gleichzeitig Wasserstoff sein konnen; 
Formel (III-2): 

Re-Xe-Ae-Xf Xg-Af -Xh-Rf , 

N-N 

worin Re und Rf jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xe und Xh jeweils eine Einfachbindung, -0-, 

-CO- oder -OC- 

B B 
o o 
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bezeichnen; Xf und Xg jeweils 



5 



10 



20 



25 



30 



35 



40 



45 



50 



55 



-CO-, -oc- 

II B 
o o 



Oder eine Einfachbindung bezeichnen und Ae und At jeweils 



Oder eine Einfachbindung bezeichnen, wobei vorausgesetzt ist, 6aB Ae und Af nicht gleichzeitig eine 
Einfachbindung sein konnen; 
75 Formel (III-3): 

N-N 

Ri-Xi 



-Ai ^jJ-H^-Xj -Aj -Xk-Rj 



worin Ai eine Einfachbindung Oder 



bezeichnet; Aj eine Einfachbindung, 

-(h)- Oder -@- 

bezeichnet; Ri und Rj jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substitu- 
enten haben kann, wobei vorausgesetzt ist, da/5 Ri und Rj lineare Alkylgruppen sind, wenn Aj eine 
Einfachbindung ist; Zi -O- Oder -S- ist; Xi und Xk jeweils eine Einfachbindung, -0-, 

-CO-, -OC- oder -OCO- 

S U D 
o o o 

bezeichnen; Xj eine Einfachbindung, 

-CO-, -OC-, 

B « 
o o 

-CH2O- Oder -OCH2- bezeichnet, wobei vorausgesetzt ist, dafl Xi eine Einfachbindung ist, wenn Ai eine 
Einfachbindung ist, Xj keine Einfachbindung ist, wenn Aj 



Oder 
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ist, und Xk eine Einfachbindung ist, wenn Aj eine Einfachbindung ist; 
Formel (III-4): 



Rl^Xl-Al-Xra-Am^H^Rm , 



worin Rl und Rm jeweils eine lineare Oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Al und Am jeweils eine Einfachbindung, 



oder 



bezeichnen, wobei vorausgesetzt ist, daJ3 Al und Am nicht gleichzeitig eine Einfachbindung sein 
konnen; XI eine Einfachbindung, -0-, 

-CO- 
I 

o 



oder 



-OC- 
I 

o 



bezeichnet und Xm eine Einfachbindung, 



-co-, -OC-, 

B D 
o o 



-CH 2 Ch -OCH2-, -CH2CH2- Oder -OC- bezeichnet; 
Formel (III-5): 

Rn-Xn- An-Xo-^^-Z 2 -Ao-Xp-Ap-Xq-Ro , 

worin Rn und Ro jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xn und Xq jeweils eine Einfachbindung, -0-, 

-CO- oder -OC- 
1 f 

o o 

bezeichnen; Xo und Xp jeweils eine Einfachbindung, 

-CO-, -OC-, 

B B 

O O 
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-CH 2 0-, -OCH2- Oder -CH2CH2- bezeichnen; An und Ap jeweils eine Einfachbindung, 

-(h)- oder 



bezeichnen; Ao 



70 



75 



oder 



ist und Z2 



20 



CN CN 

I I 
-C=CH- Oder -CH-CH2- 



25 

7. Flussigkristallvorrichtung mit einem Paar Elektrodenplatten und einer ferroelektrischen Flussigkristallmi- 
schung nach einem der AnsprQche 1 bis 6, die zwischen den Elektrodenplatten angeordnet ist. 

Patentanspruche fiir folgenden Vertragsstaat : ES 

30 

1. Verfahren zur Herstellung einer ferroelektrischen chiralen smektischen FIGssigkristallmischung durch 
Vermischen 

mindestens einer optisch aktiven Verbindung, die durch die folgende Formel (I) wiedergegeben wird: 



35 



1 "i-Xi-Cj®**** 



40 worin R1 und R2 jeweils eine lineare oder verzweigte Alkylgruppe mit 1 bis 18 Kohlenstoffatomen 
bezeichnen, die einen Substituenten haben kann. wobei von R1 und R2 mindestens eine optisch aktiv 
ist; Xi -0-, 



45 



50 



55 



-OC-, -CO- oder -OCO- 

11 1 11 

00 o 



bezeichnet und X2 eine Einfachbindung, -0-, 



-OC-. -CO- oder -OCO- 

0 I! I 
00 o 



b zeichnet, und 

mindestens einer Verbindung, die durch die folgende Formel (II) wiedergegeben wird: 
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5 



10 



15 



20 



40 



45 



55 



worin R3 und R4 jeweils eine lineare Oder verzweigte, optisch inaktive Aikylgruppe mit 1 bis 18 
Kohlenstoffatomen bezeichnen, die eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatomen haben kann; Xa 
und X* jeweils eine Einfachbindung, -0-, 

-OC-, 
1 

o 



•CO- Oder -OCO- 

H 0 
o o 

bezeichnen und m und n unter der Bedingung, dafl m und n nicht beide 0 bedeuten, jeweils 0, 1 Oder 2 
bedeuten. ~~ 

2. Verfahren nach Anspruch 1, bei dem eine weitere mesomorphe Verbindung mit einer negativen 
25 dielektrischen Anisotropie zugesetzt wird. 

3. Verfahren nach Anspruch 2, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie Ac hat, die unter -2 liegt. 

30 4. Verfahren nach Anspruch 3, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie Ac hat, die unter -5 liegt. 

5. Verfahren nach Anspruch 4, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie A* hat, die unter -10 liegt. 

35 

6. Verfahren nach Anspruch 2, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine mesomorphe Verbindung ist f die durch irgendeine der folgenden Formeln (MM) bis (III- 
5) wiedergegeben wird: 

Formel (111-1): 

Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb , 

worin Ra und Rb jeweils eine lineare oder verzweigte Aikylgruppe bezeichnen, die einen Substituenten 
haben kann; Xa und Xd jeweils eine Einfachbindung, -0-, 

50 -CO- Oder -OC- 

II II 

o o 



bezeichnen; Xb und Xc j weils eine Einfachbindung, 



-co-, -oc- 

II II- 
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oder -CH2CH2- bezeichnen; Aa und Ab t ils eine Einfachbindung, 



-(h)- (trans), -®-^)- (trans-trans), 

5 (trans) oder - 



70 



20 



25 



35 



40 



55 



bezeichnen, wobei vorausgesetzt ist, dafl, wenn Aa und Ab beide Einfachbindungen sind, Xb und Xc 
beide Einfachbindungen sind und Xa und Xd beide Einfachbindungen oder -0- sind oder Xa 

-co- 



75 ist und Xd 



-oc- 

w 

o 

ist; und Ya und Yb jeweiis eine Cyangruppe, Halogen oder Wasserstoff bezeichnen, wobei vorausge- 
setzt ist, dafl Ya und Yb nicht gleichzeitig Wasserstoff sein konnen; 
Formel (III-2): 



Re-Xe-Ae-Xf -^^-Xg-Af -Xh-Rf , 
N-N 

30 worin Re und Rf jeweiis eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xe und Xh jeweiis eine Einfachbindung, -0-, 



-CO- oder -OC- 

» B 
o o 

bezeichnen; Xf und Xg jeweiis 



-co-, -oc- 

B B 
o o 

45 oder eine Einfachbindung bezeichnen und Ae und Af jeweiis 

-@K -®- 

50 oder eine Einfachbindung bezeichnen, wobei vorausgesetzt ist, daU Ae und Af nicht gleichzeitig eine 
Einfachbindung sein konnen; 
Formel (III-3): 



N-N 



Ri-Xi-Ai JL^3^Xj-Aj-Xk-Rj 



2l 
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worin Ai eine Einfachbindung oder 




bezeichnet; Aj eine Einfachbindung, 

! -{h)K Oder 



bezeichnet; Ri und Rj jeweils eine lineare Oder verzweigte Alkylgruppe bezeichnen, die einen Substitu- 
enten haben kann, wobei vorausgesetzt ist, dafl Ri und Rj lineare Alkylgruppen sind, wenn Aj eine 
Einfachbindung ist; Zi -0- Oder -S- ist; Xi und Xk jeweils eine Einfachbindung, -0-, 



-CO-, -OC- oder -OCO- 

A o n 

O 0 o 



bezeichnen; Xj eine Einfachbindung, 



-CO-, 

8 
o 



-0C-, 

» 

o 



-ObO- oder -OCH2- bezeichnet, wobei vorausgesetzt ist, dafl Xi eine Einfachbindung ist, wenn Ai eine 
Einfachbindung ist, Xj keine Einfachbindung ist, wenn Aj 



oder 



ist, und Xk eine Einfachbindung ist, wenn Aj eine Einfachbindung ist; 
Formel (III-4): 



Rl-Xl-Al-Xm-Am^iySi , 



worin RI und Rm jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; AI und Am jeweils eine Einfachbindung, 

-(h)- oder 

bezeichnen, wobei vorausgesetzt ist, daB AI und Am nicht gleichzeitig eine Einfachbindung sein 
kSnnen; XI ein Einfachbindung, -0-, 
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10 



15 



25 



30 



35 



40 



45 



50 



55 



Oder 



-CO- 
I 

o 



-oc- 

I 

o 



bezeichnet und Xm eine Einfachbindung, 



-CO-, -OC-, 

I I 

o o 



20 -CH 2 0-, -OCH2-, -CH2CH2- Oder -OC- bezeichnet; 
Formel (1II-5): 

! 



iRn-Xn-An-Xo ^Qy Z 2 -Ao-Xp-Ap-Xq-Ro , 

worin Rn und Ro jeweils eine lineare Oder verzweigte AJkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xn und Xg jeweils eine Einfachbindung, -0-, 

-CO- Oder -OC- 

1 1 

o o 

bezeichnen; Xo und Xp jeweils eine Einfachbindung, 

-CO-, -OC-, 

B 0 
o o 

-CH2O-, -OCH 2 - Oder -CH2CH2- bezeichnen; An und Ap jeweils eine Einfachbindung, 

Oder 

bezeichnen; Ao 



Oder 

-®- 

ist und Z2 
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CN CN 

I I 
-C=CH- oder -CH-CH2- 



ist. 

7. FIQssigkristallvorrichtung mit einem Paar Elektrodenplatten und einer nach einem der Anspruche 1 bis 
6 hergestellten ferroelektrischen FIGssigkristallmischung, die zwischen den Elektrodenplatten angeord- 
net ist. 

Revendications 

Revendlcations pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1- Composition de cristaux liquides smectiques chiraux ferro-4lectriques, comprenant : 
au moins un compost optiquement actif repnisente par la formule (I) suivante : 



Rl-Xl-^V®- X 2- R 2 



dans laquelle Ri et R2 designent respectivement un groupe alkyie lineaire ou ramifie ayant 1 k 18 
atomes de carbone pouvant porter un substituant, au - moins Tun des groupes R1 et R2 etant 
optiquement actif ; X1 repr£sente un groupe -0-, 

-OC-, -CO- ou -OCO- ; 
1 I I 

00 o 

et X2 represente une liaison simple, un groupe -0-, 



-OC-, -co- ou -oco- ; 

I I I 

00 o 

et 

au moins un compose represente par la formule (II) suivante : 



R 3- X 3-^^m-^H^ET X 4- R 4 til), 



dans laquelle R3 et R4 reprSsentent respectivement un groupe alkyie lineaire ou ramifiS optiquement 
inactif ayant 1 & 18 atomes de carbone pouvant porter un groupe alkoxy ayant 1 & 12 atomes de 
carbone ; Xa et X* reprSsentent respectivement une liaison simple, un groupe -0-, 

-OC-, -CO- ou -OCO- ; 

III 

OOO 

et m et n sont respectivement 6gaux h 0, 1 ou 2, sous reserve que m et n ne soient pas Tun et I'autre 
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egaux & 0. 

2. Composition suivant la revendication 1, qui comprend en outre un compose mesomorphe ayant une 
anisotropie dielectrique negative. 

5 

3. Composition suivant la revendication 2, dans laquelie le compost mesomorphe ayant une anisotropie 
dielectrique negative poss&de une anisotropie dielectrique Ae interieure k -2. 

4. Composition suivant la revendication 3, dans laquelie le compost mesomorphe poss£dant une 
io anisotropie dielectrique negative possfcde une anisotropie dielectrique At inMrieure b -5. 

5. Composition suivant la revendication 4, dans laquelie le compose mesomorphe ayant une anisotropie 
dielectrique negative poss&de une anisotropie dielectrique A« inferieure & -10. 

75 6. Composition suivant la revendication 2, dans laquelie le compose mesomorphe ayant une anisotropie 
dielectrique negative est un compose mesomorphe represente par Tune quelconque des formules (111-1) 
b (III-5) suivantes : 
Formule (IIM): 



20 



25 



30 



40 



Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb , 



dans laquelie Ra et Rb represented respectivement un groupe alkyle lineaire ou ramifie pouvant porter 
un substituant ; Xa et Xd represented respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

i i 

o o 

35 Xb et Xc represented respectivement une liaison simple, un groupe 

-CO-, -oc- 

I I 

o o 



ou -CH2CH2 ; Aa et Ab represented respectivement une liaison simple, un groupe 

4s <trans) ' 

sous reserve que, lorsque Aa et Ab represented run et I'autre une liaison simple, Xb et Xc 
55 repres nt nt Tun et Tautr un liaison simple, t Xa et Xd represented Tun et I'autre une liaison simple 
ou un groupe -0-, ou bien Xa r present un groupe 
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-CO- 

I 

0 

et Xd represents un groups 

-OC- ; 

1 

et Ya et Yb represented respectivement un groupe cyano, un halogfcne ou Thydrog^ne sous reserve 
que Ya et Yb ne puissent representor simuitanement I'hydrogene ; 
Formule (111-2) : 



Re-Xe-Ae-Xf <Q >Xg-Af -Xh-Rf , 
N-N 



dans laquelle Re et Rf represented respectivement un groupe aikyle lin£aire ou ramifie capable de 
porter un substituant ; Xe et Xh represented respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

g s 

o o 

Xf et Xg represented respectivement un groupe 



-co-, -oc- 

II li 

0 0 

ou une liaison simple ; et Ae et At represented respectivement un groupe 



ou une liaison simple, sous reserve que Ae et Af ne puissent representor simuitanement une liaison 
simple ; 
Formule (111-3) : 

Ri-Xi-Ai ("5H5V X ^ A ^ Xk " Rj 

z 1 w 



dans laquelle Ai r pres nt un liaison simple ou un group 
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Aj represents une liaison simple, un groups 

Ri et Rj represented respectivement un groupe alkyle lin^aire ou ramifie pouvant porter un substituant, 
sous reserve que Ri et Rj rspresentent des groupes alkyle linSaires lorsque Aj represents une liaison 
simple ; Z^ represente un groupe -0- ou -S- ; Xi et Xk represented respectivsment une liaison simple, 
un groupe -0-, 

-CO-, -0C- ou -OCO- ; 

I I 8 

o o o 

Xj represente une liaison simple, un groupe 

-CO-, -OC-, * 

I 9 

o o 

-CH2O- ou -OCH2, sous reserve que Xi represents une liaison simple lorsqus Ai represents une liaison 
simple, Xj ne represente pas une liaison simple lorsque Aj represente un groupe 



-<h)- ou -<0>- . 

et Xk represents uns liaison simpls lorsqus Aj represente une liaison simple ; 
Formule (III-4) : 



Rl-Xl-Al-Xra-Am-< H YRra r 



dans laquelle RI et Rm represented respectivement un groupe alkyle lineairs ou ramifie pouvant portsr 
un substituant ; AI st Am rspressntsnt rsspsctivsmsnt 
une liaison simple, un groupe 

sous res rve qu AI et Am ne puissent repressntsr uns liaison simpls simultanement ; XI rspressnt 
un liaison simpls, un groups -0-, 
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-CO- ou -OC- ; 

1 D 

o o 



et Xm represente une liaison simple, un groupe 



-CO-, -OC-, 

I I 

O 0 

-CH2O-, -OCH2-, -CH2CH2 ou -OC- ; 
Formule (III-5) ; 

Rn-Xn-An-Xo-^^Z 2 -Ao-Xp-Ap-Xq-Ro, 

dans laqueile Rn et Ro represented respectivement un groupe alkyle lineaire ou ramifie pouvant porter 
un substituant ; Xn et Xq represented respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

9 g 

o o « 



Xo et Xp represented respectivement une liaison simple, un groupe 



-CO-, -OC-, 

g g 

O O 



-CH2O-, -OCH2- ou -CH2CH2- ; An et Ap represented respectivement une liaison simple, un groupe 



ou 



Ao represente un groupe 



ou -<h>- ; 



et Z2 represente un groupe 



CN CN 



-C=CH- ou -CH-CH 
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7. Dispositif a cristaux liquides, comprenant une paire de plaques servant d'electrodes et un composition 
de cristaux liquides ferro-£iectriques suivant Tune quelconque des revendications 1 h 6 disposee entre 
les plaques servant d'glectrodes. 

5 Revendications pour I'Etat contractant suivant : ES 

1. Proc6d6 de production d'une composition de cristaux liquides smectiques chiraux ferro-electriques par 
melange 

d'au moins un compost optiquement actif represents par la formule (I) suivante : 

w 

Ri-x^V^x^ (i), 

75 

dans laquelle Ri et R2 d^signent respectivement un groupe alkyle lingaire ou ramifi§ ayant 1^18 
atomes de carbone pouvant porter un substituant, au moins Tun des groupes R1 et R2 Stant 
optiquement actif ; X1 represents un groupe -0-, 

20 

-OC-, -CO- ou -OCO- ; 

g 1 1 

00 0 

25 

et X2 repr^sente une liaison simple, un groupe -0-, 



30 



35 



40 



-oc- f -co- ou -OCO- ; 

1 I I 

00 o 



et 

d'au moins un compose repnisente par la formule (II) suivante : 



dans laquelle Ra et R* represented respectivement un groupe alkyle linSaire ou ramifiS optiquement 
inactif ayant 1 §1 18 atomes de carbone pouvant porter un groupe aikoxy ayant 1 & 12 atomes de 
carbone ; X3 et X* represented respectivement une liaison simple, un groupe 
45 -Ch 



-OC-, -CO- ou -OCO- ; 
I I I 

50 OOO 

et m et n sont respectivement Sgaux & 0, 1 ou 2, sous reserve que metnne soient pas Tun et Tautre 
6gaux 

55 2. ProcSde suivant la revendication 1, dans lequel un compost mSsomorph supplemental ayant une 
anisotropi dielectrique nggativ est ajoutS. 
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3. Proc£d6 suivant la r vendication 2, dans lequel le compose m£somorph ayant une anisotropi 
dielectriqu n^gativ poss&de une anisotropie dielectrique A« inf^rieure h -2. 

4. Proc£d£ suivant la revendication 3, dans lequel le compost m^somorphe ayant une anisotropie 
dielectrique negative possfcde une anisotropie dielectrique Ac inf^rieure & -5. 

5. Procede suivant la revendication 4, dans lequel le compost m^somorphe ayant une anisotropie 
dielectrique negative poss&de une anisotropie dielectrique Ae inf£rieure & -10. 

6. Procede suivant la revendication 2, dans lequel le compose m6somorphe ayant une anisotropie 
dielectrique negative est un compost mesomorphe represente par Tune quelconque des formules (lil-1) 
k (111-5) suivantes : 

Formule (111-1) : 



Ya Yb 

Ra-Xa-Aa-Xb^^Xc-Ab-Xd-Rb , 

dans laquelle Ra et Rb representent respectivement un groupe alkyle lin^aire ou ramifie pouvant porter 
un substituant ; Xa et Xd representent respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

I 8 

o o 

Xb et Xc representent respectivement une liaison simple, un groupe 

-co-, -oc- 

n i 

0 o 

ou -CH2CH2-; Aa et Ab representent respectivement une liaison simple, un groupe 
-^H^- (trans), 

-(fXs)" (trans - trans )' -{5}©" (trans) ou 

^m- > 

sous reserve que, lorsque Aa et Ab representent Tun et I'autre une liaison simple, Xb et Xc 
representent Tun et Pautre une liaison simple, et Xa et Xd representent Tun et I'autre une liaison simple 
ou un groupe -0-, ou bien Xa represente un groupe 

-CO- 

I" 
0 

et Xd represente un groupe 
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-OC- ; 
I 

O 

et Ya et Yb representent respectivement un groupe cyano, un halogene ou I'hydrogene, sous reserve 
que Ya et Yb ne puissent representor simultanement I'hydrogene ; 
Formule (III-2) : 



Re-Xe-Ae-Xf -^QVxg-Af -Xh-Rf , 
N-N 



dans laquelle Re et Rf representent respectivement un groupe alkyle lineaire ou ramifie capable de 
porter un substituant ; Xe et Xh representent respectivement une liaison simple, un groupe -0-, 

-co- ou -oc- ; 

D 1 
o o 

Xf et Xg representent respectivement un groupe 

-CO-, -oc- 

I 1 

o o 

ou une liaison simple ; et Ae et Af representent respectivement un groupe 



ou une liaison simple, sous reserve que Ae et Af ne puissent reprSsenter simultanement une liaison 
simple ; 
Formule (111-3) : 



N-N 

Ri-Xi-Ai 



dans laquelle Ai represents une liaison simple ou un groupe 
Aj represent une liaison simpl , un groupe 



152 



EP 0 356 672 B1 



Rj et Rj represented respectivement un groupe alkyle lin^aire ou ramifie pouvant porter un substituant, 
sous reserve que Ri et Rj represented des groupes alkyle fin£aires lorsque Aj represente une liaison 
simple ; Zi represente un groupe -O ou -S- ; Xi et Xk represented respectivement une liaison simple, 
un groupe -0-, 

-CO-, -OC- ou -OCO- ; 

I I 1 

O 0 0 

Xj represente une liaison simple, un groupe 

-CO-, -0C-, 

i g 

o o 

-ChfeO- ou -OCH2, sous reserve que Xi represente une liaison simple lorsque Ai represente une liaison 
simple, Xj ne represente pas une liaison simple lorsque Aj represente un groupe 



et Xk represente une liaison simple lorsque Aj represente une liaison simple ; 
Formule (HI-4) : 



Rl-Xl-Al-Xm-Am^HyS , 



dans laquelle RI et Rm represented respectivement un groupe alkyle lineaire ou ramifie pouvant porter 
un substituant ; AI et Am represented respectivement une liaison simple, un groupe 



sous reserve que AI et Am ne puissent representor simultanement une liaison simple ; XI represente 
une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

1 p 

o 0 

et Xm repres nt une liaison simple, un groupe 
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-CO-, -OC-, 

I I 

0 o 

-CH 2 0-, -OCH2-, -CH 2 CH 2 - ou -OC- ; Formula (III-5) ; 

Rn-Xn-An-Xo-^^-Z 2 - Ao-Xp-Ap-Xq-Ro , 

dans taquelle Rn et Ro represented respectivement un groupe alkyle lin£aire ou ramifie" pouvant porter 
un substituant ; Xn et Xq represented respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

g 0 

O O 

20 Xo et Xp represented respectivement une liaison simple, un groupe 

-CO-, -OC-, 

1 1 

0 o 



70 



75 



25 



30 



35 



45 



50 



-CH2O-, -OCH2- ou -CH2CH2- ; An et Ap represented respectivement une liaison simple, un groupe 



OU 



-® 1 



40 Ao repr£sente un groupe 



et Z 2 repnSsente un groupe 



-<g>- ou -(h). ; 



CN CN 

I I 
-C=CH- ou -CH-CH 2 -. 



55 7. Dispositif & cristaux liquides, comprenant une paire de plaques s rvant d'eMectrodes t une composition 
de cristaux liquides ferro-61 ctriques produite suivant Tun quelconque des revendications 1 & 6 
disposed ntr les plaques servant d'dlectrodes. 
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FIG. 2 
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53 DATA ELECTRODES 
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